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book, or the employment of the electric current for 
heating and electro-chemical purposes. 

I wish to thank my friend, Mr Andrew Stewart, 
A.M.I.E.E., for the figures comparing the cost of 
using electric and hydraulic portable tools, and for 
the assistance he has given me in correcting proofs, 

I am also indebted to the following for the loan 
of electros and for information regarding their 
work : — 

Messrs the Adams Manufacturing Co. Ltd., Alfred 
Herbert Ltd., the British Westinghouse Electric and 
Manufacturing Co. Ltd,, the Consolidated Pneumatic 
Tool Co. Ltd., the Dowson Economic Gas and Power 
Co. Ltd,, the Electric and Ordnance Accessories Co. 
Ltd., Electric Construction Co. Ltd,, Electromotors 
Ltd., the Electric Controller and Supply Co. Ltd., 
Kohler Bros., Laurence, Scott, & Co. Ltd., Mather & 
Piatt Ltd., the Sandycroft Foundry Co, Ltd., Siemens 
Bros. Dynamo Works Ltd., A. Reyrolle & Co. Ltd., 
and Mr W, B. Woodhouse, A.M.I.E.E. 

A. P. H. 

"conistok," 

Cloncueby Street, 

FULHAHf, S.W., 
February 1909. 
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l6 ELECTRICITY IN FACTORIES. 

chapters, the task of proving how completely they fulfil 
practically every requirement of industrial life. 

In direct current circuits the electric energy always flows 
along the conductor in the same direction. Whenever a 
steady difference of electrical pressure is maintained between 
two points in a closed electrical circuit, a direct current 
flows along the.cotidiictor. 

Direfl^^prrents ait oBtaijied from primary and secondary 
battei1^"art4 are snbjte^ .^iTwut reservation to the law first 
stafed'pi'i'f neorge*Ot(Ji>.'JJi JSa? and since known as 
Cflfm^liw, which states'tlirft— '. 

' " tIie rate of flow of ciy-rent fti a closed electric circuit 
•variesdirectlyas the difference of electrical pressure between 
■^y.'.'*" points, and inversfly.'is ^the electrical resistance 
1>eij«en the same points." • ,,'"_. • 
• *^:tgreKsing this in terms' pt-j}ia' usual units of electrical 
pressuii^I'rate.qf flow pf qurf^tj.and resistance, this reads — 

"ThE-igi'peres flowingi^^ii 'electrical circuit vary directly 
as the •vtl'ltB.^iween at\ytvio points of the circuit and 
inversely as 'the »esi^nce in ohms of the circuit between 
the same points," or — 

Amperes = -j- — . , 

°'"°^'.m°'e'L- 
Volts = ampi:resx ohms. 

The volt is the name of the unit of electrical pressure. 
It has a definite legal definition, but in praciice may be 
taken as half the pressure at the terminals of an accumulator 
during the period of discharge. 

The ampere is the name of the unit of rate of flow of an 
electrical current. It is that rate of flow of current which is 
maintained in a circuit having a resistance of one ohm by 
an electrical pressure of one volt. Its legal definition is the 
rate of flow of current of unvarying strength which will 



DigiLizedbyGoOglc 



D,j.,.db,Googlc 



I8 ELECTRICITY IK FACTORIES. 

direction as the mi^net is moved towards the coil, and in 
the opposite direction as it is moved away from the coil. 
He also pointed out that the strength of the induced current 
varied with the strength of the magnet, and the rate at 
which the magnet was moved to or from the coil. The 
possibility of transforming mechanical into electrical energy 
having been proved, it was not long before a number of 
electrical generators were devised, the early machines giving 
alternating currents. 

It was next found that the addition of a commutator to 
the generator caused the currents to flow in the same 
direction in the external circuit. The labours of Gramme, 
Siemens, and other workers in the early seventies trans- 
formed the dynamo from a philosophical toy into a practical 
machine for the production of electric energy, and thus 
commenced the era of commercial electrical engineering 

Meantime, little progress had been made with the motor 
or electro-magnetic engine. The early machines were 
supplied with current generated from primary batteries, and 
were very inefficient in themselves, as well as expensive to 



It was generally thought that a motor could not have 
a higher efficiency than 50 per cent., and till the late 
seventies practically no progress was made. At that 
time Siemens made a careful study of the subject, and 
showed that the dynamo was a reversible machine, that 
is, that when mechanically driven it produced electric 
currents, and when supplied with electric currents it worked 
as a motor. He also proved that the prevailing idea 
of motor efficiency was based on the error that a motor 
worked under the most economical conditions when it 
worked at the maximum rate. He pointed out, that the 
efficiency of a motor depended upon the relation of its 
speed or counter electrical pressure to that of the dynamo 
driving it, and that the nearer these two speeds or electncal 
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22 ELECTRICITY IN FACTORIES. 

and the crosses in the centre represent currents flowing 
into the armature, and dots in the circles currents flowing 
out of the armature. 




The circuit through the armature runs thus ;- 



10 



/-Hi, 
^ - 13 , 
^ - 15 , 



16 out - g 
18 „ -A 



d - 1 „ n „ - e 

« - 9 » U „ -/ 
The full lines represent connections in front, and the dotted 
ones those at the back of the armature. 
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ELECTRICITY IN FACTORIES. 



most popular as it permits of easier replacement of damaged 
coils. 

The commutator is one of the most imponant parts of 
the armature. It is shown to the left of the core in Fig. 1, 
and consists of a number of wedge-shaped pieces of specially 
prepared copper, shaped together to form a cylinder. Fig. 



Ceppir Stgmenl.'.y. 
■ Miea Insulation.^ 
Mttal Clamp.^ 




Fig. 4. — Method of Fining Commutator Bar. 

4 shows a method used by Messrs Electromotors Ltd, for 
fixing these bars to the axle, and at the same time insulating 
them from it. Mica is the usual insulating material. After 
the commutator parts are secured in position, the surface is 
carefully machined. In well-designed motors there are a 
large number of commutator bars, and the only electrical 
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Fig. 6.— Open Type Direct Current Motor. 



—Enclosed Type Direct Current Molur. 
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28 ELECTRICITY IN FACTORIES. 

as in a shunt wound machine, one poition flowing through 
the field coils, but the other pan, before flowing through 

Armature, 

\ field Magnet 
I Coil. 

Fig. 9. — Atrangement of Winding for Series Wound Motor. 

the armature, flows round a few turns of extra field magnet 
coils. This winding may be arranged either to help or 



Fi'efd Magnet Co//,. 



-o 



Armature 

+ 

Fig. 10. — Atrangement of Winding for Shunt Wound Motor. 

oppose the shunt coils, each arrangement having its special 
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The general relationship between ampere turns or magne- 
tising force and magnetic effect for an average sample of 
steel is shown in Fig. 12. It will be noticed that at first , 
the increase in magnetic strength is directly proportional 
to the increase in magnetising force, but that as the steel 
becomes what is termed saturated, the rate of increase of 
magnetic strength, with increase of magnetising force, 
becomes less and less until at length increase of magne- 
tising force produces very little effect on the magnetic 
strength. The exact effect which a given number of ampere 



Fig. 12.— Helalion between Magnelising Force and number of 
Lines of Magnetic Strength. 

turns or magnetising force will have upon a sample of iron 
or steel depends upon its composition and physical con- 
dition, and great care has to be exercised in choosing suit- 
able qualities of steel for both magnet cores and armature 
stampings, and testing carefully to see that the materials 
actually used fulfil the required conditions. There is very 
little permanent magnetism in motor field poles, the magnetic 
strength depending upon the effective ampere turns at any 
given moment. 
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32 ELECTRICITY IN FACTORIES. 

with the result that, unless other methods of control are 
used, the speed under these conditions varies with the 
work. The extent of this variation depends to some degree 
upon the electrical resistance of the motor, and is smallest 
in motors having very low resistance field coils and armature 
conductors. 

In a shunt wound motor the conditions are somewhat 
different. Here, as shown on Fig. 10, the current divides 
at the terminals of the motor. The field coils consist of 
many turns of comparatively fine wire, and consequently 
only a small current flows through this part of the circuit. 
Since the magnet strength is dependent upon the number of 
ampere turns it is immaterial whether this is obtained with 
large current and few turns of wire, or by smaU current and 
many turns. In the series motor the ampere turns of the 
field coils vary directly with the current flowing through 
the armature, in the shunt wound motor the field coil 
circuit is independent of the armature circuit, and therefore 
independent of the work which is being done. The 
magnetic strength of the field is therefore nearly constant 
the whole time the motor is at work, the only variation 
being due to the cross-magnetising eff'ect of the armature 

On starting a shunt wound motor the torque depends 
upon the product of the ordinary strength of the motor 
field and the current flowing through the armature, and 
though this is practically in every case sufficient to start the 
motor under full load, it is less than that obtained with 
a series wound motor of similar size on starting. As the 
speed of the motor increases, the armature current is 
reduced due to the lowering of the eff'ective electrical 
pressure by reason of the higher counter electrical pres- 
sure caused by the rotation of the motor armature in 
the magnetic field. The torque, however, is affected to 
a far less extent than in the series wound motor, since one 
of the factors on which it depends, namely, the strength of 



DigiLizedbyGoOglc 



TtlE DIRECT CURRENT MOTOR. 33 

the magnetic field, is practically constant. The torque, 
therefore, varies inversely as the speed; increase the speed, 
the armature current, and consequently the torque, is de- 
creased ; decrease the speed by loading up the motor, the 
current and the torque arc increased too. By keeping ihe 
armature resistance low, it is possible to make the armature 
current so sensitive to changes in the motor speed that the 
torque will practically vary as the load, and the speed will 
be kept constant within about 3 per cent., whatever the 
variations in load between no load and normal full load. 
A shunt wound motor may therefore be used when nearly 
constant speed is required with varying load, and it is not 
necessary to start the motor against excessive overloads. 

If instead of keeping the strength of the shunt motor field 
constant, it is weakened as the load is increased by inserting 
resistances in the field magnet circuit, the speed of the 
motor may be varied within wide limits. The effect on 
a constant pressure circuit of weakening the strength of 
the motor field is to keep down the counter electrical 
pressure, and consequently to increase the armature current 
as well as to increase the speed. Whether the torque is 
altered depends on the relative values of the armature 
current and strength of motor field. A weak field, however, 
increases the tendency of the motor to spark at the com- 
mutator, especially when there is a large armature current. 

Careful design and the choice and use of the best 
steel in the field poles and armature core have made it 
possible in some motors to obtain a range of speed regu- 
lation of 4 to 1 without undue sparking with an ordinary 
shunt wound motor by altering the strength of the field. 
It must, however, be remembered that the size of the motor 
is determined by the amount of work it can do at the 
lowest speed, and that if, for instance, a lathe or machine 
tool needs to be worked at any speed between 250 and 
750 revolutions per minute, the motor must be large enough 
to do the full work at the lowest speed, and will be of three 
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34 ELECTRICITY IN FACTORIES. 

times the capacity than if it were only required to give full 
load at the higher speed. 

During the past few years it has been found to be possible 
to reduce the sparking of dynamos and motors worked at 
varying loads in several ways, the most popular of which 
is to provide small magnet poles in addition Co the ordinary 
poles, and to place these between the principal poles of 
the machine. These extra poles are energised by coils 
placed in series with the armature circuit, and their use is 
to neutralise the cross- magnetising effect of the armature 
current, and by maintaining the effective strength of the 
princijjal poles to reduce the sparking at the commuiator. 
The effect of these extra poles is proportional to the need, 
. being a maximum, when the armature current and conse- 
quently its cross- magnetising effect on the lield strength are 
greatest. "Interpole" motors, as such motors ate termed, 
are naturally more expensive to manufacture, but the use 
of these subsidiary poles enables a speed regulation of 6 to 1 
to be obtained, and increases the value of the motor for 
many purposes. 

The third class of motors have their field circuits com- 
pound wound. The arrangement is shown on Fig. 11. 
There is not only the independent shunt circuit, but a few 
coils in addition, in series with the armature. In the 
illustration the series coils are shown so connected that 
they strengthen the magnet field. Such an arrangement 
improves the starting torque of the motor, but decreases 
the constancy of the speed with varying load. Another 
plan is to arrange the series winding so that it opposes 
the shunt winding, and weakens the field. This method 
of connection increases the self-regulating power of the 
motor under varying loads, but makes its starting, uncertain 
and difficult, since it may happen that the rush of current 
in the series coils may not only weaken but altogether 
overcome the effect of the shunt coils. The magnet poles 
will then be magnetised in the wrong direction, the motor 
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CHAPTER II, 
THE ALTERNATING CURRENT MOTOR. 

Altetnaiing Cuirenis — Periixlicily — Power Faclor^SJngle and Poly- 
phase Currents — Methods of Conneclion for Two and Three Phase 
Circuits — Types of Ahernating Current Motors — Synchronous 
Motors — Induction Motors — Relation between Speed and Number 
of I'oles — "Slip" — Starling Properties — "Squirrel Cage" and 
Slip Ring Motors— Effect of Overload on Induction Motors — 
Variable Speed Induction Motors — Commutator Type Motors. 

In some districts the public supply of electricity is by means 
of .ilternating currents. These differ from direct currents 
in that the directioti of the electrical pressure and of the 
flow of current is constantly altering. In practice, where 
ihtr currents are generated either by magnet poles rotating 
in front of fixed coils of conductors, or by the conductor coils 
rcvolvitij; in front of fixed magnet poles, these changes are of 
a periodic character. In their simplest form they follow a 
cycle resembling a sine curve, but usually the wave form is 
of a much more complex character. 

Thus if in Fig. 1.1, divisions on the line ac are taken to 
represent lime, and vertical distances electrical pressure, 
the distance ac being the time taken for a complete cycle 
of changes, the following effects will be found : — During the 
first <]tiarlcr period the pressure rises from zero to a maxi- 
mum, during the next similar period it falls to zero at n, 
then it changes in direction, and during the third quarter 
period it rises to a maximum equal to, but opposite in 
direction to the first period, while during the last quarter 
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38 ELECTRICITY IN FACTORIES. 

Ohm's law, being less while the pressure curve is advancing 
from zero to a maximum, and greater while the pressure 
curve is falling to zero. The average effect is the same as 
if an extra resistance had been added to the real resistance 
of the circuit, this added resistance depending on the 
character of the load. This apparent resistance is techni- 
cally termed the "impedance" of the circuit, and its existence 
is the cause of many of the differences between alternating 
and direct current effects. 

This alteration in the relationship of the rate of flow of 
current to the electrical pressure means also that at any given 
instant the actual work done in a circuit — which depends 
partly upon the rate of flow of current in that circuit^is less 
than it should be if calculated, as with direct currents, from 
the pressure and rate of flow of current. The ratio of the 
real work being done at any moment, to the work — which if 
there were no impedance might be done^is called the 
"power factor" of the circuit, and this varies with the 
character of the load. If an alternator is supplying incan- 
descent lamps, where there is practically no impedance, the 
power factor is 1, while if it is supplying energy for a number 
of motors the power factor will be ■80 or '85, which means 
that to do the same amount of real work the alternator 
must be proportionately larger; in other words, the full 
load current from an alternator will do less work when 
running motors than when supplying incandescent lamps 
this diminution of useful effect being proportional to the 
fall in the power factor. It follows, that as the currents 
to do definite amounts of work in a circuit are greater 
when the power factor is low, that the cables must be larger 
or the loss in distribution will be proportionately greater too. 

An alternating current of the character shown on Fig. 13 
is termed single phase. It is, however, possible, and in 
many cases convenient, so to arrarge the circuits in an 
alternator, that what are termed polyphase currents are 
obtained. These are usually two or three phase, though 
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one phase, and when wound for three phase than for either 
two or one phase. 

Two and three phase currents have some important 
advantages over single-phase currents for motor work, and 
when energy is distributed for power as well as lighting work, 
two or three phase currents are generally employed. 

It is usual, but not necessary, lohave four wii es when two- 
phase currents are used, as shown on Fig. 16, the two 
armature separate circuits being connected to the two line 
circuits. These act precisely as if they were separate single- 




Cfrailt fi/?t. 



Circuit ff92. 



phase circuits so far as the outside load is concerned, and may 
be each used for the supply of energy to lamps or single- 
phase motors. If, however, the best effects are wanted for 
motor work, two-phase motors are used, aad the four wires 
connected to the respective motor terininals. Three wires may 
be used if desired, one wire being common to both circuits. 
With three-pliase circuits three wires are all that is 
necessary, though four wires are often used. In Fig. 17 
what is termed the "star" connection with three outside 
wires is illustrated. By making one conductor common to 
the two circuits, it is possible to dispense with one wire and 



DigiLizedbyGoOglc 



D,j.,.db,Googlc 



42 



ELECTKICITV IN FACTORIES. 



three-phase system, namely, as shown on Fig. 19. This is 
called "mesh," or more often "delta" connection, and the 
three circuits here are between ab, bc, and ac. 

It will be seen that both incandescent and arc lamps 
which require single-phase current, can be arranged on two 
or three phase circuits on any of the phases, while motors 
which work better with more than one phase can be supplied 
from all the phases. If, however, a single-phase load is 
supplied from a multiphase circuit, care should be taken to 




see that the load is balanced as evenly as possible between 
the phases. 

Alternating current motors may be divided into three 
classes : — 

(a.) Synchronous motors. 

Id.) Induction motors. 

(c.) Commutator motors. 
Synchronous motors are convenient in special cases, but 
find little employment in ordinary industrial work. They 
are simply single or polyphase generators supplied with 
current at the correct voltage and periodicity. If excited 
to the same degree, and run up by external means to the 
same synchronous speed as the generator, the motor will 
continue to run in step with the generator whatever the load. 



DigiLizedbyGoOglc 



D,j.,.db,Googlc 



44 ELECTKICITV IN FACTORIES. 

the periodicity of the circuit per minute. Thus on a 
50 ~ circuit the synchronous speed of a motor having four 
pairs of poles per phase would be : — 

50 - X 60 stcond, _ 3,000 _ ,,„ „„„,,..„„. 



4 ])airs of poles per phase 



Fig, 21. — Slip Ring Type Induction Moigr. 

The induction type of motor is specially suitable for two 
and three phase circuits, though it can be used with 
satisfactory — if inferior — results on single-phase circuits. 

Its general appearance is not unlike that of a direct 
current motor as shown in Figs. 20 and 21, which illustrate 
the standard patterns of the Electric Construction Co.'s 
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the stator conductors. These carry the main current and 
consist of carefully wound coils well insulated both from 
each other and the core- The ends of the conductors are 
taken to the motor terminals. The rotor is different in the 
two types. Taking the squirrel cage pattern first, it will be 
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seen from Fig. 22 that it consists of a strong steel shaft 
having mounted on it a cast-iron spider to which is secured 
the laminated steel discs which form the core. The rotor 
winding consists of bars of copper placed in the core slots but 
insulated from them. They are connected at the ends to large 
gun-metal rings which effectively short circuit them. There 
are thus no moving contacts in the motor at all, the current 
supplied to the motor simply flowing through the stator coils. 

There are the usual mechanical devices, such as oil ring 
lubrication and long bearing surfaces, which are necessary 
parts of any successful motor. 

In the slip ring motor, the parts of which are shown 
on Fig. 2.1, the laminated steel core of the rotor is built 
up on the cast-iron spider as before. The conductors, 
however, consist of insulated coils placed in the core 
slots. There are usually three coils symmetrically spaced 
for three-phase currents and joined at the neutral point. 
The ends are taken through the hollow shaft to three slip 
rings placed outside the beating on an extension of the 
shaft. These slip rings are insulated from the shaft, and 
conduct the currents generated in the rotor to the carbon 
brushes which are held in position by the brush holders 
as in direct current motors. Sometimes one of the slip 
rings is left uninsulated to ensure an earth connection. 
The use of these slip rings is to provide a means of intro- 
ducing resistance on starting into the rotor circuit and so 
increasing its starting torque. 

The stator windings in a three-phase motor are con- 
nected so that the different phases are symmetrically 
arranged, and the successive impulses or waves of current 
produce a rotating magnetic field, or rather the magnet 
pole due to the maximum rush of current is constantly 
moved forward as the current waves rise and fall in the 
different phases. So long as there is no movement of the 
magnetic field, there is no tendency on the part of the 
rotor to start, but the moving field causes the stationary 
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rotor bars, which, when interlinked with the magnetic field, 
produces sufficient torque to cause the motor to start. 
The speed of the rotating field depends upon the number 
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48 ELECTRICITY IN FACTORIES. 

of pairs of poles per phase in the motor, and tlie periodicity 
of the circuit, thus with a 50 ~ single-phase circuit, the 
motor speed should be :^ 
With 6 poles, ;>., 3 pairs, 1,000 revolutions per minute. 
I, 8 „ 4 „ 750 



500 



On a two-phase circuit the number of poles would be 
twice, and on a three-phase motor three times, as many as 
in a single-phase motor. 

The actual speed of the motor must, however, be less 
than the above figures, since the number of magnetic Unes 
cut, and consequently the amount of current flowing in 
the rotor coils, depends upon the difference between the 
speed of the rotor and that of the moving field. This 
difference is called the " slip " of the motor, and its value 
for ordinary sizes can be seen in the following particulars of 
standard motors listed by the Electric Construction Co, : — 



Normal Full LbuI 


Periodicity. 


fell 

Field. 


Full Load 
Molor 
Sp«d 


Slip in 
R^vR. per 


"lip" ■ 


3 B.H.P. 


50- 


750 


690 


60 


8-0 


5 .- 




1,000 


935 


65 


6-5 


9 .. 






600 


555 


45 


7-5 


12 „ 






750 


710 


40 


5-3 


15 „ 






600 


575 


25 


4-1 


18 „ 




^ 


1,000 


955 


45 


4-5 


25 „ 




^ 


750 


725 


25 


3-3 


30 „ 






750 


730 


20 


2-7 


40 „ 






600 


580 


20 


3-3 


50 „ 




' 


750 


730 


20 


2-7 



The percentage slip decreases in general with the size of 
the motor. The above values are for the motors working 
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at full load, at light loads it is proportionally greater, and 
with slip ring motors, on starting with external resistance 
in the rotor circuit, it is sometimes very high indeed. 

Another important quaUty in an electric motor is its 
aUility to start under load. With squirrel cage wound 
induction motors it is possible to get full load torque or 
even more on starting, but only by taking from three to 
four times full load current in the stator circuit. With large 
size motors such rushes of current cause marked fluctuations 
in the pressure of the supply circuit, and if incandescent 
lamps are being supplied from the same systtm will cause 
them to flicker over a considerable area. For this reason 
many station engineers limit the permissible starting current 
to be taken by any induction motor connected to their 
mains to one and a third or one and a quarter times full 
load, current, and sometimes forbid entirely the use of 
squirrel cage wound motors in all sizes above 3 or 5 B.H.P. 
This form of motor, however, by reason of the simplicity 
of its working parts, and the great advantage of having 
no commutator, brushes, slip rings, or any rubbing electrical 
contact, has so many advantiges that it is worth every effort 
to extend Its use. There is no doubt that the great success 
of the Newcastle-on-Tyne Electric Supjily Co. in supplying 
power to the various industries on the banks of the Tyne 
is largely due to their enlightened policy in regard to these 
motors, no less than 3,000 to 4,000 horse-power of this iy]>e 
being connected with their mains, and their policy is being fol- 
lowed by others who are aiming at securing large |X)wer loads. 

It is possible to reduce the starting current at the expense 

. of reducing the starting torque, by using transformers to 

cut down the voltage of the stator current, but in cases 

where it is necessary for the motor to start with a reasonable 

current under full load, slip ring motors must be used. 

In a two or three phase motor the rotating field is pro- 
duced immediately the current is switched on, and it is 
thcreforg possible to make the motor start without further 
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apparatus. With single-phase circuits this is not the case, 
and special means have to be provided for starting the 
rotation of the field. When the motor has once started, 
the interactions of the stator and rotor circuits upon 
each other are sufficient to maintain the rotating field. 
Hence a necessary part of the single-phase motor starting 
equipment is what is termed a "phase-splitter," which is 
simply a special form of choking coil placed in one of the 
two parts of the stator circuit. In appearance like a small 
transformer — a coil wound round an iron core — it causes 
the portion of the current passing through it to lag a little 
in phase behind the rest of the current, and this difTer- 
ence of phase causes a sufficient displacement of the 
two parts of the stator fields to start the motor. This 
explains why the starting torque of single phase is inferior 
to that of two and three phase motors, and why they have 
to be fitted with fast and loose pulleys so that the load is only 
appUed after the motor has been started. After such a motor 
has been started the " phase- splitter " may be short circuited. 

It is important to note that it is easy to reverse the direc- 
tion of rotation of an induction motor, the only thing needed 
being the crossing of one pair of the line wires. 

The maximum torque which can be exerted by an induc- 
tion motor depends upon its design and is largely affected 
by the clearance allowed between stator and rotor. As the 
conductor coils are in each case completely embedded in 
the core slots this clearance is often made very small indeed. 
If at any time the motor is so overloaded that it needs 
more than the maximum torque the motor will give at that 
speed, the motor will break out of step and stop altogether. 
The point at which this takes place, is determined when the 
motor is designed, and in medium-sized machines, of from 5 
to 15 B.H.P., is usually about 150 per cent, to "200 per cent, 
of full load, and in larger sizes from 200 per cent, to 250 
per cent, of full load. Though the maximum torque is 
the same whatever the resistance of the rotor circuit, there 
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are important relationships between the two, since the 
higher the rotor circuit resistance the greater the per- 
centage shp and the .greater the starting torque. Indeed, 
for all loads between zero and the rated full load of the 
motor, the slip is proportional to the rotor resistance, and 
consequently a high percentage slip means a large energy 
loss in the rotor and an inefficient machine when working. 

It follows that a motor with a fixed rotor resistance, such 
as a squirrel cage wound machine, can only have a high 
efficiency when working if the internal losses, and con- 
sequently the starling torque, is small. This is found to be 
the case, and the conditions are not altered by the adoption 
of any special methods of starting, such as auto-transformers 
or " star to delta " switches. These improve the efficiency 
on starling by reducing the starling current taken from the 
line, hut do not increase the starting torque. 

The only solution of the difficulty is to make the rotor 
circuit variable, so that on starting its resistance may be 
high, and a good starting torque may be obtained, and later, 
part of the circuit may be cut out and the resistance thus 
reduced, with a corresponding improvement in the amount 
of slip and of efficiency. 

This is done in slip ring motors, when, as shown in Fig. 
23, means are provided for leading the rotor circuit outside 
the motor where its resistance may be varied at will. The 
circuits are taken from the brush holders to the terminals 
of the motor, and thence to the regulating resistances, which 
may be cut in or out by moving the regulator switch handle. 

It should be remembered that the current in this circuit is 
only the low voltage induced current in the rotor conductors, 
and that it has no direct connection to the current supply- 
ing the motor which only flows through the stalor circuit. 

By suitably grading the external starting resistance it is, 
therefore, possible to control the starling torque, and con- 
sequently the starting current, in the siator circuit, and to 
obtain, if desired, two or three times full load torque on 
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starting, while, when working the external resistance is short 
circuited and the low resistance rotor enables the motor to 
work with a low percentage slip, that is with nearly constant 
speed with varying load, and at the same time have a high 
percentage efficiency. 

Slip ring motors are naturally more expensive — usually 
about 20 per cent. — than squirrel cage machines and have 
not their simplicity and absence of running contacts, but 
they are very valuable in cases where high starting torque 
is required or where it is essential to vary the motor speed 
while working. 

This is accomplished by leaving some of the rotor resist- 
ance continually in circuit, which, as explained above, in- 
creases the slip between the rotating field and the rotor. 
This method of speed regulation is, however, very wasteful, 
resembling that of speed control in direct current motors by 
the insertion of resistance in the armature circuit. Slip 
ring machines may, of course, be either one, two, or three 
phase, but it is customary to wind the independent rotor 
circuit for three phase, whatever the character of the supply. 

Since the speed of an induction motor on a given circuit 
depends upon the number of poles, efforts have been made 
with some success to so wind the stator, that by altering 
the connections, the number of effective poles can be varied 
while the motor is at work. The Sandycroft Foundry Co., 
who work the Hunt patents, have made a speciality of this 
type of motor, and by means of two arrangements of con- 
nections for the stator, and both a fine wire and thick wire 
winding on the rotor, they have been able to improve the 
])ower factor when starting, and at the same time to minimise 
the slip at all loads. In some of their latest machines 
the slip has been as low as 1'2 per cent., while with motors 
of 50 B.H.P. size they find it possible to bring the slip down 
to 1 per cent. In these machines the high resistance 
winding is used to obtain high starling torque, and this 
winding becomes ineffective when, after starting, the stator 
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connections are altered, and the normal number of poles 
are used, the low resistance thick rotor conductors being 
brought into action at the same time. 

Two or more definite speeds can be got by arranging 
the stator circuit so that different groupings giving different 
numbers of effective poles are obtained. It remains true, 
however, that an induction motor is best suited for working 
at one normal speed, and that hitherto most of the attempts 
to produce really efficient commercial variable speed motors 
have failed. It is usually advisable to try and arrange the 
drives so that the motor runs at its normal speed, and if 
different S|)eeds are necessary, to use mechanical methods 
of varying the machine speed, or employ some other form 
of motor. 

The past few years have seen great advances in the 
development of the single-phase commutator motor. This 
design has the advantage of high starting torque and easy 
regulation of speed at all loads. Most of the experimental 
work in connection with these motors has been done in 
connection with the application of single-phase currents 
for traction work, with the result that several tramways and 
railways on the Continent and iri the United States are 
successfully using such motors. In this country they have 
been adopted by the Midland Railway Co. for their experi- 
mental nine miles of electric railway between Heysham and 
Lancaster, which has been in successful operation several 
months, and they are being installed by the London, 
Brighton, and South Coast Railway on the eleven miles 
of route between London Bridge and Victoria, which are 
being converted from steam to electric traction. 

The single-phase commutator motor is similar in appear- 
ance to an ordinary series wound direct current machine, 
but the field magnets are laminated. The field magnets 
or stator have a thick coil winding round which the whole 
of the current supplied to the motor flows. 

The rotor is exactly like a direct current armature with 



Di.-izcJbvGooglc 



54 ELECTRICITY IN FACTORIES. 

its core, coils, commutator brushes, and brush gear. In 
some forms of this motor there is only one pair of brushes 
which are short circuited on themselves ; in others an 
additional pair of brushes placed at right angles are added, 
and through this latter pair the stator current enters and 
leaves the rotor. If this is done, it slightly alters the 
characteristics of the machine, but the changes which take 
place are largely a matter for the designer. 

These motors work best on low periodicity circuits, and 
in the lai^e sizes of 50 and 100 B.H.P. used for railway 
work they are made for circuits of not more than 25 ~ per 
second. The difficulty in adapting them for 50 ~ circuits 
has been the excessive sparking at the commutator, but 
both Messrs Siemens and Brown, Boverl, & Co. have over- 
come this trouble, and are able to supply these motors up 
to 5 and 10 B.H.P. for 50 - circuits. 

For traction work it is interesting to note that the same 
motors may be used both on direct and alternating current 
circuits. In fact, on one line in the United States, equipped 
by the Westinghouse Co., the motors are supplied with 
single-phase alternating currents transformed down to 230 
volts on one part of the route, and when the cars reach the 
city limits, they receive direct currents from the ordinary 
direct current mains at 500 volts. 

These motors may have their speed regulated in the case 
of motors having short circuited rotors by simply moving 
the brushes, or in the case of motors in which either the 
whole or pari of the current passes through the rotor by 
varying the pressure of the rotor circuit by means of a 
variable ratio transformer. 

The etificiency of this type of motor is good, its starting 
torque is comparable with that of a direct current series 
wound motor, and it is easy to regul.ite the speed. As the 
commutation troubles at 50 ~ are now being overcome, there 
should be a wide field for its use in industrial work. It is 
already being applied with marked success to driving ring 
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spinning machines in cotton mills, and it bids fair to revolu- 
tionise textile mill work. It is suitable also for cranes, hoists, 
and other cases where variable speed and high starting torque 
are required. These motors may be used on three-phase 
circuits by balancing ihem as far as possible on the separate 
phases. 

They do not at present compare favourably in cost with 
induction motors of equal output, partly because their 
design is more expensive and partly because the active 
material in the motor is not so well utilised as in the poly- 
phase induction type. The same rule as to reversing the 
direction of rotation by changing the connections in either 
rotor or stator holds with this motor as with the induction 
type. 
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CHAPTER III. 

THE STARTING AND SPEED REGULATION 
OF ELECTRIC MOTORS. 

Importance of Good Suiting and R^uUting Apparatus— Requirements 
of Good Motor Starters — "No Load Release" and "Oiferload Pre- 
venter" Attachments— Dcscriplion of Typical Direct Current Motor 
Starters— Molor Panels—" Fool Proof" Starters- Switch Pillars— 
Description of Controllers and Controller Connections — Shunt 
Motor Speed Control — Series Motor Speed Control — Aulo-Trans- 
formers for Allernaling Current Induction Motors— Other Induction 
Motor Starting Devices. 

The Starting and switching arrangetnenls of a motor are an 
integral pait of the electric drive, and if success would be 
attained, as much care and thought must be given to their 
design and construction as to the motor itself. Many of the 
failures which have in the past tended to discredit the use 
of electric motors have been due to obvious faults in the 
starters or regulators. So long as the motor seemed all right, 
little thought was given to its accessories, with the result 
that often, when the motor was most needed, it was useless 
because a wire in ihe starter resistance was broken, or a 
connecting screw had worked loose, and becoming hot, had 
burnt up the contact. 

Fortunately, the fact that a chain is no stronger than its 
weakest link, and similarly that a motor drive equipment 
depends equally for its reliability, upon motor, starter, and 
regulator, has now been better realised, and during the past 
few years much attention has been given to the design and 
construction of motor accessories. Several firms have 
devoted themselves to their manufacture, and have pro- 
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duced good mechanical designs, comparable in reliability 
to the valves which are so necessary a part of a steam 
engine installation. 

When an electric motor is started there is a rush of 
current through the armature, due to the absence of any 
opposing or counter electrical pressure in the motor arma- 
ture. This opposing pressure, referred to on page 31, is 
caused by the rotation of the armature in the magnetic field 
of the motor, and so cannot be exerted until after the 
field has been built up, and the motor armature has run 
up speed. 

The torque or stirting moment of the motor may be 
expressed as the product of the current flowing in the 
armature into the magnetic strength or field of the motor, 
consequently to get full torque or starting moment — a neces- 
sary condition on starting a motor — the fields must be fully 
excited, and the full load current must flow through the 



The conditions to be met in starting a direct current 
motor are therefore arrangements for fully exciting the field 
magnets and the provision of such an amount of external 
resistance in the armature circuit that, without the aid of 
any opposing electrical pressure, the current flowing cannot 
exceed either full load current or some previously determined 
value which is not injurious to the motor. As soon as the 
motor starts, it begins to generate an opposing electrical 
pressure, so that the starling resistance may gradually be 
reduced until, when the motor has reached full speed, it has 
all been cut out of circuit. 

In a series motor the passing of full load current through 
the armature and field magnet coils at once gives full load 
torque. In a shunt wound motor, where the field magnet 
circuit is independent of the armature circuit, it is not 
enough to pass full load current through the armature— the 
field circuit must first be closed, and time allowed for the 
field magnets to build up their full strength. 
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After the motor has started, provision must be made in 
the starter for resistance to be gradually cut out, so that 
approximately full load current shall be maintained flowing 
through the armature coils. Gradually, the resistance to 
[he flow of current through the armature is transferred from 
the actual electrical resistance of the wire in the starter, 
to the counter electrical pressure generated by the rotation 
of the motor armature, until as the motor attains full speed 
the starting resistance is entirely cut out. 

It is, however, of the greatest importance that means 
should be provided for reinserting the whole of the starting 
resistance, should the motor for any reason stop running ; 
for, if the motor is at rest and the current is switched on 
without the resistance being in circuit the sudden excessive 
rush of current will burn up the armature conductors. 

The starting resistance must be able to carry (be full load 
current of the motor for short periods. The' various sections 
of the resistance — usually about ten in number— are con- 
nected to the contacts of a multiple point switch, so that the 
cutting out of successive sections of the resistance is effected 
by moving a switch handle from contact to contact. A 
sufficient pause should be made on each step to permit the 
motor to attain its correct speed under those conditions, 
especially when the motor is starting under load. 

Since all the armature current flows through the resistance, 
a considerable amount of heat will be generated, and effec- 
tive means must be provided for dissipating it. or the starter 
will be damaged. For a long time sufficient attention was 
not paid to this point. Iron or other high resistance wires 
were used of small size compared to the currents to be 
carried, and these when heated in air soon became brittle, 
especially if the motor had to be started several times in 
succession before the resistance had time to thoroughly 
cool down. Under such circumstances faults were almost 
certain to occur. 

A good starter should allosv a motor to be started up 
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under fuH load at least every half hour without getting loo 
hot, the time required for the start being about half a minute, 
and if users would insist on such a test being applied in their 
presence a dozen times before the motor starter was accepted, 
they would ensure getting a sound and reliable article. 

Since all starting resistances are designed for the passage 
of the current through them for short periods only, it must 
be understood that if the switch handle is stopped on any 



of the intermediate contacts longer than necessary, the 
starter is very liable to be damaged by being burnt out. 

The following descriptions of starters should be taken as 
typical rather than exhaustive ; they, however, indicate the 
direction along which the law of " the survival of the fittest " 
has for some time been operating. 

Fig. 24 shows a standard which has been developed by 
Messrs Siemens for motor starters and for shunt regulators 
for large dynamos. The resistance consists of a long strip 
of thin sheet iron bent into (olds with pieces of mica between 
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the convolutions for insulating [jurposes. These folds are 
tightly packed into troughs made of micanite or other in- 
fusible material, and are placed in a cast-iron box. At 
inten-als, plates of copper are placed between the sheet-iron 
bends, and serve as tappings for the switch contact con- 
nections. A slate panel is filled to the front of the case on 
which the switch contacts are mounted. 

The switch arm is held in the off position against the 
ruliber stop with all resistance in circuit, by a spring enclosed 
under the hand -wheel. On turning the hand -wheel the 
switch arm in passing over the first contact completes the 
shunt field circuit, and so 
energises the field poles of the 
motor and also the poles of 
the no load release coil — shown 
to the right of the diagram — 
which is included in the same 
circuit. The armature circuit 
is completed as the switch arm 
passes over the next stop, and 
the motor starts with all re- 
sistance in circuit, gradually 
increasing in speed as the re- 
sistance is cut out by the 
passage of the switch arm over 
successive contacts. When all resistance is cut out, the 
soft iron bar secured to the side of the switch arm presses 
against, and is attracted by, the magnetised poles of the 
no load release coil as long as the motor is working. 
Should the field current of the motor from any cause be 
interrupted, the no load release coil will be demagnetised, 
the switch arm will no longer be attracted, going back, 
under the influence of the spring, to its normal position 
against the rubber stop with all resistance in circuit. 

The coil to the left of the illustration is the overload 
release which is in series with the armature circuit. If the 
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armature current becomes excessive, the hinged soft iron 
bar underneath the coil is attracted, and bridges two contacts 
which short circuits the no load release coil, causing It to 
become demagnetised, and to stop the motor by releasing 
the switch arm. Raising the knob at the bottom of the 
switch does the same thing if for any reason it is desired 
to stop the motor. 

In the printing press controller described on page 242, 
the same principle of short circuiting 
the no load release coil is used to 
permit the motor being stopped from 
several points on the printing press 
remote from the actual controller. 

The soft iron bar of the overload 
preventer (Fig. 24), when raised also 
engages a ratchet on the boss of 
the switch arm, and prevents its 
further movement until the speed of 
the motor has reduced the current 
to its normal value. This prevents 
the motor being started too quickly, 
and saves the armature coiis from 
damage through excessive current. 

In Fig. 25 we have the standard 
pattern of motor starter fitted with 
no load release coil and overload 
preventer made by Messrs Electro- 
motors Ltd., of Manchester, and in 

Fig. 26 the same type of starter fitted with a cast-iron cover 
and combined with a double pole switch fuse in cast-iron box 
made by Messrs Berry, Skinner, & Co. This pattern of switch 
fuse has a quick break, and Is very lat^cly used in motor 
work. In this type of starter the resistances are made of 
wire kept cool by allowing ample ventilation spaces. The 
contact strips on the front of the switch are easily renewable 
when worn or burnt out. The action of the no load release 



Fig. 2tl.- Messrs Electro- 
miilors' Molor Slarler, 
combined with Messrs 
Berty Skinner's Double 
Pole Swilch Fuse. 
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coil and overload preventer is similar in principle in all 
these starters. 

Messrs ReyroUe & Co. use as a resistance material ihin 
plates of an infusible compound, which, like carbon, has a 
lower electrical resistance when heated. The result is that 
when the switch arm is put on the first contact of the 
resistance, the motor starts, and as the material gets hot its 
resistance falls, and the current gradually increases until the 
motor has partly run up to full speed. The handle is then 



Fig. -iT.— Messrs lieyrolle's Direct Current Mulor Slatlcr. 

further turned, and the resistance gradually cut out. This 
form of starter has successfully withstood very severe usage. 
Fig. 27 shows its standard form, in Fig. 28 it is enclosed 
in a watertight case for use in very damp positions, and in 
Fig. 29 mounted on a panel with a quick break, main double 
pole knife type of switch and separate fuses. Fig. 30 shows 
one of these resistances combined with a double pole switch 
and fuse made up in the form of a drum type controller 
specially for outdoor and rough use. The drum cylinder 
can move independently of the hand-wheel, and the starter 
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is fitted with overload preventer and no volt release coil. 
When in use the starter is protected by a sheet-iron cover. 

The Adams Manufacturing Co. are another firm who 
have made a speciaUty of motor starters, and have perfected 
a number of types. One of these (Broadbent's Patent 
Automatic Control) is illustrated and described in the 
section relating to printing machines (page 242). In 
one type termed "the one-minute pattern," the resistance is 



so proportioned that the starting current shall not exceed 
50 per cent, above full load current, a maximum period of 
forty seconds being allowed for cutting out the resistance. 
In other types the moving of the switch is controlled 
through worm gear operated by a side handle. The 
necessity for turning the handle a large number of times to 
operate the switch arm ensures that the switch shall not be 
moved too rapidly over successive resistance contacts. 
The Electric and Ordnance Accessories Co. also make 
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several patterns of thoroughly serviceable starters, one of 
which, called the "Autograd" and shown in Fig. 31, has 
some special features. The 
handle and switch arm are 
separate, the handle being 
attached to the no load 
release coil, which can be 
moved about the same 



Fig. 29.— Messis Keytolle's Mulur fia- 30.— Messrs Rtjrolle's Drum 

Starter, combined with Double Type of Combined Double Pole 

Pole Switch and Separate Switch and Direct Current 

Fuses. Motor Slarl'er. 

centre as the switch arm. Current is passed to this coil from 
the lower rings shown in the illustration. The switch arm is 
normally in the off position lo the left, while another spring 
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at the back of the slate keeps the handle with the no volt 
release coil in the extreme right position. To start the 
motor, the handle is moved towards the left, in passing 
over the contact strips, the no volt release coiL is energised, 
and when it reaches the switch arm it attracts and holds 
the soft iron plate attached to its side. The handle is 
now released, and under the influence of the spring at 
the back of the slate the handle and no volt release coil 



Fig. 31. "The " Aulr^rad " Direct Current Motor SlarUT. 

move back taking the switch arm with them, thus cutting 
out the starting resistance. The action of the dashpot is to 
retard the movement of the switch arm, and so ensure slow 
but steady cutting out of the resistance coils; while, if any- 
thing happens to the motor, either from overload or failure 
of current, the no volt release coil is de-energised and 
releases the switch arm, which at once returns to its normal 
position with all resistance in circuit. Such a switch is to 
a large extent automatic in action and free from possible 
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trouble caused by the forgetfulness of workmen to move the 
handle of the starter slowly. 

Quite a number of designers have brought out these 
" fool-proof" patterns of starters, a few of which have proved 



successful. Perhaps the most practical form is to have 
some variety of the loose handle type with a weight lifted 
against gravity, controlled in its fall by a dashpot. In this 
way a slow steady movement of the switch arm is ensured 
quite independent of the movement of the handle. 
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It is sometimes more convenient to mount the motor 
control apparatus in a cast-iron pillar, and Fig. 33 shows 
the form adopted by the British Westinghouse Electric 
and Manufacturing Co. A double pole switch and fuse 
is mounted above the starter, and there is also provided 



Fig. 33. — Liquid MotDr Starter as made by the 
Sandycroft Foundry Co. Ltd. 

a circular multi-contact switch for regulating the speed of 
the motor by inserting resistance in its field circuit. 

The Sandycroft Foundry Co. Ltd. have worked for 
some time in developing liquid types of motor starters, and 
Fig. 33 shows one of their latest patterns combined with a 
high tension switch for either breaking the circuit or for 
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use when reversing the direction of rotation of the motor. 
This switch can only be operated when the resistance 
switch is in the off position, and the switch control handle 
is locked until the main switch has been pushed well 
home. 
In this type of starter the resistance consists of water 




Fig. 34. — Diagram of Conneclion of a Liquid Molor Starter as made 
by the Sandycroft Foundry Co. Ltd. 

having a little soda or other suitable substance in solution. 
The passage of a current of electricity heats the liquid, and 
if it is required to keep the resistance in circuit for any 
length of time, means must be provided for a constant 
circulation of the liquid. 

The general action of this type of starter is illustrated 
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in Fig. 34, which shows the connections for a direct current 
shunt wound motor starter, b is a cast-iron drum for hold- 
ing the liquid, which can be rotated in insulated bearings. 
Fixed to this cylinder, but insulated from it, are blades which 
dip into the liquid to varying depths when the drum is 
rotated, so varying the resistance in circuit. When the 
motor is fully started the contact h cuts the resistance 
entirely out of circuit. Current is supplied to the blades 
during rotation of the drum by the contact pieces c. 

The drum may be moved through a right angle by the 
handle a which is connected to it, through a catch c. The 
no volt release coil in series with the field circuit of the 
motor is wound on a core connected to the handle a. 
When current is flowing through the motor the no volt 
release coil is magnetised and hold? the catch g so that the 
drum moves with the handle a. Should the circuit be 
interrupted the no volt release coil is demagnetised, the 
catch A released, and the drum falls by gravity into its 
normal position with all resistance in circuit If the motor 
is overloaded the plunger inside the pedestal d is drawn up 
into the overload preventer coil and short circuits the no 
load release coil, thus stopping the motor. 

If means are provided for changing the solution as it gets 
hot, the current may be kept flowing through it for con- 
siderable periods so that the apparatus acts as a controller 
as well as a starter, and by carefully insulating the several 
parts, and connecting the drum to the water supply through 
lengths of rubber tubing, it may be made suitable for use 
with high tension circuits. 

For cases where the motor is required to be constantly 
started, stopped, and restarted in the opposite direction, as 
well as run at varying speeds for short periods, starters and 
regulators of what are known as the controller type are 
nearly always used. 

These controllers consist of a cylinder mounted on a 
vertical axis carrying a number of contacts which are 
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successively brought into circuit as the handle is moved 
round. These controllers are universally employed in tram- 
car work where two motors are generally employed, the 
changes in speed being 
obtained by so altering 
the connections that the 
motors run either in 
series or parallel with 
each other, intermediate 
points being obtained 
by inserting resistance 
in series with the motor 
armatures. Controllers 
of this type are also 
used for single motor 
working of cranes or 
machine tools. 

Fig. 35 shows a con- 
troller for crane work 
made by The Electric 
and Ordnance Acces- 
sories Co. Ltd., and Fig. 
3G a diagram of the 
connections. It is for 
use with a series wound 
motor, and has five run- 
ning points in either 
direction but no pro- 
for an electric 
brake. 

It should be remem- 
bered that to reverse a 
series wound motor it is only necessary to change the 
direction of flow of the current through the armature, keep- 
ing it in the same direction through the field coils. 



Fig. 35.— The Eleclric and Oidnaiice 
Accessories Company's One Motor 
Crane Controller. 
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In this diagram— M represents the motor armature. 
SF „ motor field coils. 

R „ starting resistance. 



Fig. 30. — Diagram of Connections for above Crane Controller. 

The current path on successive contacts may be traced a 
follows, starting from the — or negative terminal :— 
Contact 1. — All starting resistance in circuit — 

Lj - Rj - 7 - Ag - M - A,j - L,,. 
Contact 2. — Part resistance out — 

Li-Ra-7-A(,-M-Ai2- L,i. 
Contact 3.— More resistance out — 

Lj - Rj - 7 - A;, - M - A|2 - Lij, 
Contact 4. — More resistance out— 



- I'll- 



Contact 5. — All resistance out^ 
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There is a stop here, and to reverse the motor it is 
necessary to turn the handle in the opposite direction, re- 
insert all the resistance, and proceed to 

Contact r.— All starting resistance in circuit — 
Lj-R2-7-8-M-10- L,j. 

The motor revolves in the opposite direction 
since the current in the armature circuit 
only is reversed. 
Contact 2'. — Part resistance out — 
Li-Rj-7-8-M-10-L„. 
Contact 3'. — More resistance out — 
Lj - R, - 7 - 8 - M - 10 - Lj,. 
Contact 4'. — More resistance out — 
L,-R5-7-8-M-10-L„. 
Contact 5'. — AH resistance out — 
Li-R„-7-8-M-10-Lii. 

The blow out coil is in series with the circuit, and pro- 
duces a magnetic field between the controller case and the 
divisions between the contacts. The circuits are thus 
broken in a magnetic field, and the sparking is thereby 
reduced to a minimum. 

If further contacts are added by which the connection of 
the circuit to the line can be completely broken, and the 
armature is so connected to the field circuit that the cunent 
flows through the field coils in the reverse direction, the 
combination acts as an efficient electric brake. This is 
found very useful in many cases. In Fig. 37 we have the 
connections shown for a controller similar to that already 
described, but with two additional braking contacts. 

Here A represents the motor armature, 
motor field coils, 
starting resistance. 

blow out coil, 
solenoid brake. 
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On starting, the handle of the controller is moved from 
across contacts 2 and 1, which do not make contact as the 
circuit is interrupted at 13, to the normal stopping point 
for the handle, also marked 0. 



The succeeding connections starling from the - 
tive terminal are ;— 



Contact 1.— All starting resistance i 


circ 


uit— 


Lg - R^ - SF - B - 9 - Ai, - A 


A,4 


-L,a. 


Contact 2. —Part resistance out— 






Ls-R5-SF-B-9-R„-A 


A,4 


-V 


Contact 3.— More resistance out— 






Lg - Rg - SF - B - 9 - R„ - A 


-Ah 


-L.a- 


Contact 4.— More resistance out — 






r^-R,-SF-B-9-Ri,-A 


-A„ 


-Li3- 


Contact 5.— All resistance out — 






L,-R„-SF-B-9-R.,-A 


-A,. 


- I-18' 
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To apply the electric brake the handle is rapidly brought 
back to position 0, where alt the resistance is in circuit, and 
then moved to 

Brake Position I, — The motor is now disconnected 
from the line at 13, and the circuit runs from the 
motor armature A (top brush) to contact finger 2, 
thence to Rj - through the resistance to SF, 
B- contact 9- contact 10- back to the lower 
brush of the motor armature. 
If a more powerful braking effect is required, the handle 
is moved to 

Brake Position Il.^Where the path of the circuit is 
the same as for Brake Position I., except that two 
sections of the resistance are cut out, contact being 
made at R, instead of R^. 
For running in the reverse direction the circuits are : — 
Contact 1'.— L3 - R^ - SF - B - 10 - A - A12 - L^, 
Contatt 2'.— L3 - R^ - SF - B - 10 - A - Aj^ - Ljg. 
Contact 3'.— L3 - R„ - SF - B - 10 - A - A^^ - Lij. 
Contaa 4'.~L8 - R^ - SF- B - 10 - A - A,2 - L,s. 
Contact 5'.— Lj, - Rg - SF - B - 10 - A - A15 - L^. 
It will be noticed that in all the running positions the 
solenoid brake SB is in circuit as a shunt to the resistances. 
The braking connections for reverse running are \— 
Brake Podtion I'. — Lower brush of motor armature to 
contact I, thence R5, through resistance SF- 
B — to contact 9 - , thence R,j to top brush of 
motor armature A. 
Brake Position II'. — As for Brake Position I'., except 
that two sections of the resistance are cut out, 
contact being made at Rj instead of Rg. 

When controllers are used with shunt or compound 
wound motors, it is possible to control the speed within 
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wide limits by varying a resistance placed in series with the 
field coils, and, as the current is very small, a large number of 
contact fingers may be arranged, giving a very close variation. 
It is also possible where a three-wire system of distri- 
bution is available to make use of two voltages such as 
220 and 440 volts, and in this way to obtain a wide variation 
of speed. The motor is first started on the lower voltage, 
and run up to normal speed at that voltage ; the resistance 
is again inserted, the field fully excited, and the motor 
armature then switched across the higher voltage, after 
which, by successive reductions of resistance, the motor 
is gradually brought up to its higher normal speed. 

In Fig. 38 we have the connections shown for a shunt 
wound motor controller arranged for running on either a 
220 or a 440 volt circuit with forty different speeds. This 
controller, however, is only designed for a motor running in 
one direction. The connections are : — 

Off Position. — Brake magnet excited. Brake lifted. 
Shunt resistance connected across solenoid brake. 
Position No. 1.— Brake magnet excited. Brake lifted. 
Shunt excited across 440 volts with no resistance 
in winding, thus giving maximum strength of field. 
Armature in series with all resistance in. 
Positions Nos. 2 to 6.— As for No. 1, but with portions 
of armature resistance gradually cut out till at 
No, 6 all is out. 
Positions Nos. 7 to 26. — Resistances are gradually in- 
serted in shunt circuit, otherwise connections as 
No. 6. This weakens the field and consequently 
increases the speed. 

The next operation must be made quickly. First short 
circuit the shunt resistances, and then moving over two 
contacts all the armature resistance is inserted, and the 
armature is switched across the 440 volt mains. This 
accounts for positions 27 and 28. 
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Poiition No. 29 cuts out part of the armature resistance, 
No. 30 the remaining part, and we then have the 




I. — Diagrams of Direct Current Motor Controller for Three- 
Wire System, using Two Voltages. 

twenty shunt regulating contacts repeated, until at 
last both the weak field and the armature are on 
the higher voltage circuit. 
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In such a controller it is usual to control the speed by the 
use of the shunt resistance contacts only. Special means are 
taken to reduce sparking, and non-inductive resistances are 
placed across the shunt coils to prevent damage when the 
field circuit is broken. A contact is also provided to allow 
a magnetic brake to be attached if desired. 

There are, however, many 
cases where series motors are 
used in which this method of 
speed regulation is impossible, 
and resource must be made 
to the more wasteful method 
of inserting resistance in the 
armature circuit. Where this 
is necessary, great care must 
be taken to employ a resist- 
ance material which will not 
rapidly deteriorate when hot, 
and also means for dissipat- 
ing the amount of heat gene- 
rated when lai^e motors are 
thus controlled. Fig. 39 shows 
a type of motor speed con- 
troller of this type made by 
The Electric Controller and 
Supply Co., who have made 

a speciality of this class of Fig.39.— UreeMolorControllet 
apparatus. as made by the Eleclric Con- 

The switch arm is operated "oiler and Supply Co. 
by moving the handle to and 

fro, and it will be seen that to reverse the direction of 
rotation of the motor the handle has to be moved past the 
off position, thus inserting all the resistance. The form of 
grid resistance, which is often made of a special quality of 
cast iron, and the method of arranging them in the frame 
so as to ensure ample ventilation, is shown in Fig. 40. A 
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magnetic blow out is provided to reduce the spark on 
changing contacts. This type of controller is very suitable 
for heavy work where large motors have to be run at varying 
speeds in either direction for short periods of time. 

There are other methods of speed control, some of which 
are referred to on page 246, where speed regulation is 
effected by introducing op- 
posing electrical pressure 
from another dynamo to vary 
the effective pressure at the 
terminals of the working 
motor. The details of these 
systems are very interesting, 
but for the most part they 
are only commercially used in 
special cases. 

Whpn alternate current 
motors have to be dealt with, 
the conditions to be met are 
of a different character. In 
motors working on two or 
three phase circuits the 
rotary field is produced im- 
mediately the current is 
switched on, so that it is pos- 
sible to start such machines 
Fig. 40.— Form of Resistance Grid without any further appa- 
used by the Electric Controller ratus. As explained, how- 
and Supply Co. gyer, in Chapter II. (page 

49), this is inadvisable on 
account of the excessive rush of current which in many 
cases is detrimental to the general supply from the entire 
system. 

This sudden rush of current can, however, be reduced if 
what is termed an auto-transformer is used to reduce the 
pressure at the motor terminals. This consists of a small 
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transformer with one set of windings placed across the line 
wires, as shown for a three-phase circuit on Fig. 41. Con- 
nections may be made to this set of windings at certain 
points, and the voltage of the current thus taken, depends 
upon the ratio of the number of turns in the small circuit to 
the total number of turns. In this way a large current at 
low voltage may be supplied to the motor, while the demand 



on the line is only equal to a correspondingly reduced 
current at the line voltage. 

It is usual to arrange that several tappings are made to 
the windings, and trial is made as to the best ratio to use, 
the voltage at the motor terminals being often about one- 
third of the line voltage. The power factor of the motor 
working at this low pressure is not so good as when supplied 
at the full load pressure, so that the effect of the increased 
starting current is not proportional to the ratio of the trans- 
former windings. 
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For this reason the auto ■ I ratis former is taken out of circuit 
as soon as the motor is started. Figs. 42 and 43 show two 
patterns of auto-transformer with switches which have been 
designed by the Electric Construction Co. Ltd. In Fig. 42 
the auto-transformer is at the back of the slate panel. In 
Fig. 43 it is placed above the 
switch, which is of the barrel 
type, having three contacts, 
namely, "off position" when 
the motor is disconnected from 
the line; "starting position" 
when it is connected with the 
auto- trans former in circuit, 
and the motor is consequently 
supplied at the lower voltage ; 
and " running position " when 
the motor is supplied direct 
from the line, the auto-trans- 
former being cut out of circuit. 
In Fig. 42 an ammeter to in- 
dicate the current actually 
taken by the motor as well as 
a pair of fuses are also mounted 
on the panel. 

Within certain limits it is 

possible to reduce the starting 

current by increasing the rotor 

Fig.42.— Auio-Transformer.with resistance at the expense of 

Switch and Fuse for Indue- increasing the "slip" of the 

tion Moior. motor. This is sometimes 

done by making the short 

circuiting ring of the rotor, of brass or of some metal 

of higher resistance than copper. This plan was efTective 

in a case which came under the writer's notice a year 

or two ago, where it was necessary to reduce the starting 

current of a two-phase 40 B.H.P. 200 volt 50 ~ squirrel 
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cage motor as low as possible. The motor was direct 
coupled to a dynamo which was always open circuited 
on starting, so that the motor started light. After pre- 
liminary tests and fixing a brass rotor ring, it was found 
that with the auto-transformer adjusted to its best value of 
about 70 volts, the current required to be taken from the 
line to start the motor was only 40 per cent, of the rated 
current at full load, a result that compared favourably with 
some slip ring motors 
of the same size sup- 
plied from the same 
system. 

It is, however, 
usual for makers to 
ask either for full 
load or full load and 
a quarter current as 
that required to start 
a squirrel cage motor 
without load. If full 
load torque isneeded, 
the current will be 
three to four times 
full load current. 

It has already been ^^^_ 43.-AuW.Tmnsforme,, with Switch 
noticed in Chapter II. and Fuse for induction Motor. 

that three-phase cir- 
cuits may be either "star" or "delta" wound, and the t«o 
methods are illustrated in Figs. 17 and 19 (pages 41 and 42), 
where Fig. 17 shows a " star " wound and Fig. 19 a " mesh " 
or "delta" wound circuit. It does not affect the working 
of the motor which method is used, but a constant line 
voltage gives different pressures per phase with the two 
windings, the pressure pet phase in the case of the "delta" 

winding being only 58 per cent. ( — r ) of that with the 
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"star" winding. This has suggested what is called the 
"star" to "delta" method of starting, which, however, is 
only suitable for small motors or special cases. Here the 
three-phase windings of the stater are connected to a throw- 
over switch in such a way that when the switch is on one 
set of contacts the stator is " star " connected to the line, and 
when thrown over to the other set of connections "delta" 
connected. This arrange- 
ment is similar in effect to 
using an auto-transformer 
with a 58 to 100 ratio of 
transformation. 

Instead of using an auto- 
transformer it is possible to 
cut down the line pressure 
by resistances placed in 
each of the phases of the 
supply circuit, and altering 
these as required by means 
of a three -arm multiple 
switch. 

It is also possible to place 
a friction coil clutch or a fast 
and loose pulleybet ween the 
motor and the driven shaft, 
and so enable the motor to 
be run up to speed before 
the load is put on. When 
this can be done, squirrel 
cage motors may be used without an excessive starting 
current being taken from the line. 

Where slip ring motors are used, the starting current may 
be controlled by placing resistance in the low voltage rotor 
circuit, as already explained in Chapter II. (page 46). By 
this means it is possible to combine high starting torque on 
starting with small slip, and high efficiency when working. 
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These starting resistances are very similar in form to those 
used with direct current motors, the resistances being divided 
into three to suit the different phases, and the switch having 
three arms placed 120° apart, so that resistance is cut out 
of each phase simultaneously. It is usual in slip ring motors 
to wind the rotor for three-phase currents whatever the 
number of phases in the supply circuit. 

The method of connecting up such a resistance is shown 
on Figs. 44 and 45, 
which show the starter 
designed by the 
British Westinghouse 
Co. for this class of 
motor. This is prim- 
arily intended for 
single-phase motors so 
that the "phase- 
splitter " referred to on 
page 50, Chapter II., 
is included, and the 
centre arm of the main 
switch is arranged to 

open automatically 1 

when the switch arm 

reaches the last posi- < 

tion, and so throw 
the phase-splitter out 
of circuit. A starter 
of this type is suitable 
for motors up to about 15 B.H.P. size, and forms with its 
main switch and iron cover a convenient pattern for many 
purposes. 

Reference is made in Chapter XIV. lo the requirements 
of the Home Office that double pole quick break switches 
and fuses should be provided for each motor circuit, and 
in Figs. 26 and 29, two types of motor main switches are 



DigiLizedbyGoOglc 



84 ELECTRICITY IN FACTORIES. 

illustrated. The fuses for motor circuits are often enclosed 
in groups in cast-iron cases, and Fig. 46 shows a useful 
pattern of ventilated switch fuse of the ReyroUe pattern for 
this purpose arranged to protect nine circuits fed from a 
common omnibus bar, the whole being enclosed in a cast- 
iron case. 

The overload preventer, forming part of many starters, 
with its quick and certain action, is in some cases found to 
be a disadvantage. A motor may have to overcome a 
momentary overload, and the protective arrangements, if too 
sensitive, may do 
more harm than good. 
What is needed, is 
something, which, in 
the event of an over- 
load being continued 
for such a period as 
to really damage the 
motor, will act with- 
out fear of failure, 
but which will permit 
of an overload for a 
short time without 
coming into opera- 
Fig, 46.— Motor Fuse Distribution Board. tion. 

To accomplish this 
some people prefer to employ ordinary metal fuses rather 
than the electro- magnetic overload preventer. It takes a 
certain time to heat the metal to fusing point, and in this 
way stoppage of the motor due to momentary overload is to 
a large extent prevented. 

What are termed, time-lag devices, have been suggested 
for the same purpose, one of the mosi successful consisting 
of a cylinder with a close fitting metal plunger dipping into 
a shallow bath of oil. This plunger is attached to the core 
of the solenoid which operates the switch, and should an 
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overload occur, the plunger has to be withdrawn from the 
cylinder, sufficiently to break the film of oil between the 
plunger and cylinder before it is free to operate the switch. 
The time taken to free the plunger from the retarding 
influence of the oil Rim, depends upon the strength of the 
pull, which is regulated either by the strength of the current 
or the distance of the core in the solenoid. By suitably 
adjusting this distance it is possible to arrange that on an 
overload of 50 per cent, the cut-out release shall not act 
for say fifteen seconds, or on a 100 per cent, overload for 
five seconds, while on a 200 per cent overload the pull is so 
violent that the oil film is at once ruptured, and the cut-out 
acts at once. 
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CHAPTER IV. 

THE RATING AND EFFICIENCY OF 
ELECTRIC MOTORS. 

Necessity for Employing Electric Motors to Best Advantage — Need for 
Standardisation — Engineering Standards Committee— Their Pro- 
posals us to Voltage, Periodicity, and Speed — Relation of Size and 
Output of Motors to Temperature Rise — Motor Tests— Percentage 
Efficiency-Methods of Test— Relation of Mechaniial, Eleclrical, 
and Thermal Units to each other — Comparison of Efficiencies and 
Currents requited by Direct and Alternating Current Motors. 

While it is a comparatively easy task to show that in many 
cases, the electrical is better and more convenient than the 
purely mechanical drive, it is often more difficult to prove 
that its adoption will prove a financial success. This is 
especially the case, when the cost of effecting the change is 
considerable, and the new method of working has to earn 
sufficient extra profit to pay a fair rate of interest on the new 
outlay, as well as on the capital already spent in connection 
with the mechanical driving arrangements, and even then 
show a sufficient balance on the right side to induce the 
manufacturer to make the alteration. To attain this end, the 
special conditions of any given case should be studied, in 
order that the motors may be used to the best advantage. 
It is also necessary to carefully choose the motors, and to do 
this, not only the first cost, but the rating and efficiency under 
working conditions must be considered. These qualities 
largely affect the cost of maintenance and often determine 
whether the installation is a success or failure. 
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It has long been felt, that one of the causes of the 
apparent non-success of British electrical manufacturers to 
earn satisfactory profits has been their willingness to try and 
please each individual customer, at the expense of making 
alterations to standard designs. The itiany voltages and 
periodicities in use, also stood in the way of the adoption of 
uniform patterns. At the same time this multiplicity of 
types prevented the cost of manufacture being reduced to 
what should be its normal figure ; and the cost of the home- 
made article either prevented its adoption, or allowed a 
foreign-made, cheaper, and often less efficient article to be 
sold in its place. 

This unsatisfactory state of affairs caused the question to 
be referred at the end of 1903 to the Engineering Standards 
Committee for consideration. This Committee was jointly 
composed of representatives of the principal Scientific Insti- 
tutions and of the leading manufacturers and principal buyers 
of engineering plant and accessories. Its duty was to see 
what could be done to advance the welfare of the industry and 
the prosperity of the country by an endeavour to standardise 
the principal articles used in engineering work. This Com- 
mittee appointed an influential Sub-Committee to deal with 
the matter so far as it concerned electrical generating plant, 
motors, and transformers. This Sub-Committee issued an 
interim report in July 1904, and a further one in 1907, In 
these reports they made certain recommendations with 
regard to voltages, periodicities, and speeds which have 
fortunately been embodied to a large extent in recent 
practice. They have also proposed limiting temperature 
rises under specified conditions, which, if acted upon, will 
ensure the rating of the motor being kept within safe limits. 

The present position is that many manufacturers have 
directed their attention to the standardisation of their sizes 
and designs, and in motor work this has borne good fruit. 
The British article can be produced as cheaply as, and in 
many cases cheaper than, its foreign competitor, whilst its 
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mechanical and electrical qualities are equal and often 

superior. 

The standard pressures which have been recommended 
for general use are 110, 220, and 440 volts for lighting and 
power work, and 500 volts for traction, an extra 10 per cent, 
being allowed in each case for losses between the lamp or 
motor terminals and the generator. In the case of three- 
phase circuits where lamps at 220 volts pressure are used 
between one of the conductors and the earthed neutral (see 
Fig. 18, page 41), the voltage between successive phases for 
motor work will be 220 volts x V3~=220x 1-71 = 380 volts. 

The periodicity which has been suggested for use for a 
standard is fifty periods {~) per second for ordinary light- 
ing and power work, and for special cases where a low perio- 
dicity is advisable, such as traction, twenty-five periods per 
second. 

The speeds which are given in the report as generally 
suitable for direct current motors are ; — 



B.H.P. 


Revolutions 
per Minute. 


B.H.P. 


Revolutions 
per Minute. 


B.H.P. 


per Minute. 


1 
3 


1,600 
1,400 
1,400 
1,100 
1,100 


5 

15 

20 


1,000 

1,000 

900 

850 

800 


30 

40 
50 
75 
100 


750 
700 
650 
550 
550 



For induction type alternating current motors, where the 
speed is fixed by the periodicity of the circuit and the 
number of pairs of poles per phase in the motor, the 
following are suggested as suitable synchronous speeds. The 
actual speed will, of course, be the synchronous speed less 
the slip, which, as shown on page 48, varies from about 7 to 
8 per cent, in the small sizes, down to about 2J per cent. 
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in the larger. The conditions which affect the slip have 
already been referred to : — 



RH.P. 


Revolulioiu 
per Minule. 


B.H.P. 


Revolutions 
per Minute. 


B.H.P. 


Revolulions 
per Minute. 


1 
2 
3 

5 


1,500 
1,500 

1,500 
1,500 
1,500 
1,000 


JO 
10 
15 
20 
25 
30 


1,500 
1,000 
1,000 

1,000 
750 
750 


40 
50 

75 
75 
100 


750 
750 
600 
600 
500 



The output of a motor is determined by the permissible 
temperature rise of any part, after a run for a specified time 
at its normal full load. Since an important source of loss 
in any motor is the heating of the armature and field 
coil conductors, the effective output with a given tempera- 
ture rise depends upon the facilities provided for ventilating 
the motor and so dissipating this heat. The amount of 
ventilation allowable depends upon the position in which 
the motor will be placed and the use to which it will be put. 
It has therefore become usual for manufacturers to classify 
their machines and to rate them accordingly. The usual 
divisions can be best understood by reference to the follow- 
ing standard types of Messrs Electromotors' manufactures :— 

In the open type shown in Fig. 6 (page 26), the com- 
mutator end of the motor is open, and there is every 
facility for the passage of cool air through the motor 
and round the commutator. In some cases the com- 
mutator end is protected by perforated metal sheeting, thus 
retarding the free cireulation of cool air but protecting 
the motor from outside interference, In some machines 
this protection is extended to the openings at the other 
end of the motor, while in Fig. 7 (page 26), termed the 
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" totally enclosed " motor, both ends are thoroughly closed 
in, and the heat generated in the motor must be dissi- 
pated by radiation or convection from the outer casing 
of the motor. It is to increase the radiating surface that 
some makers rib the outside of the motor frame. 

It is evident that the size of a motor for a given output 
will vary according to the type chosen, since the ventilating 
arrangements are so different. This means, that the price 
of the motor will vary in the same way, the more complete 
the protection, the higher the price. In practice the same 
motor carcase is rated difTerently according to the type. 
Thus the " D " size of Messrs Electromotors' machines 
require a base 21 J in. long by 30 in. wide, and the overall 
height is 27^ in. It is rated at 10 B.H.P. at 1,000 revolu- 
tions per minute, or it may be wound if desired for 15 
B.H.P. at 1,500 revolutions per minute. The list price in 
the semi-enclosed pattern is ^£54, and in the enclosed 
ventilated type, with perforated coverings at both ends, which 
does not sensibly affect the output, ;£55. 10s. If supplied 
as a totally enclosed machine, the highest recommended 
output is 6 B.H.P. at 800 revolutions per minute, the price 
remaining at ^£55. 10s. 

There are places where the presence of dust or other 
conditions makes the use of totally enclosed motors necessary, 
but in nearly every case, enclosed ventilated motors ser*-e the 
purpose, and by their use the capital outlay is kept within 
reasonable limits. 

The outputs given above are obtained with a maximum 
temperature rise of 75° Fahr. above surrounding atmosphere 
in the case of open and semi-enclosed machines as shown 
on Fig. 6, of 85° Fahr. temperature rise in the enclosed 
ventilated pattern, and of 90" Fahr. with the totally enclosed 
pattern. Fig. 7, all temperatures being taken after a six hours' 
run at rated full load, the standard air temperature being 
taken as 70° Fahr. 

Since the safe output of a motor is determined in nearly 
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all cases by its temperature after a long period of continuous 
working, it has been generaHy agreed that one of the best 
tests to apply to a motor before purchasing, is to run it for 
a stated time at normal full load output, and determine the 
temperature rise at difTerent points of the motor. For 
motors designed for continuous working, a six hours' full 
load run has been taken as a fair period. It is perhaps 
unnecessarily long with small motors where the mass of 
metal is small and the limiting temperature is reached in 
two or three hours, and not long enough with large machines 
where the temperature slowly rises for many hours, but if 
allowance is made for special conditions it gives very useful 
information, and is a good test of the running properties of the 
motor, qualities which are quite as important as the electrical. 

The length of the test run at rated full load for motors 
intended for intermittent working, suggested by the Engineer- 
ing Standards Committee, was one hour, but this has been 
objected to, and is now being reconsidered. The require- 
ments are so varied that it is difficult to fix a definite period. 
For crane and hoist motors, which only work for short 
periods at a time, half an hour's run at rated full load 
seems ample, and has been adopted as standard by many 
manufacturers. 

There are two ways of measuring the temperature of the 
coils at the end of the run ; the usual one consisting of placing 
thermometers, covered with wadding to prevent radiation, 
as close as possible to the coil, thus measuring the tem- 
perature at that point, and the more accurate one of taking 
the electrical resistance of the coil at the commencement 
and end of the run, and from the difference, calculating the 
average temperature of the coil. For taking the temperature 
(rf the iron cover the thermometer is essential. 

The maximum temperature rise allowed in the Engineer- 
ing Standards report for motors in which ordinary insulating 
materials are used is 108° Fahr. (60° Cent.) measured by 
means of the resistance method, or 90° Fahr. (50° Cent.) 
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for moving coils when the temperature is measured by means 
of a thermometer. It will be noticed that for ordinary 
patterns of motors the standard temperature rises allowed" 
by the best makers are below the above maximum figures, 
75° Fahr. and 85° Fahr. being generally accepted as the 
highest which should be adopted, if it is desired to use 
motors, which will safely stand an overload of 25 per cent, 
for periods up to one hour at a time. This is not at alt an 
unusual requirement for motors intended for continuous 
working. If the motors are intended for use in hot climates 
where the air temperature is higher than the 77° Fahr. (25° 
Cent.) taken as standard by the Committee, a reduction in 
the permissible temperature rise of 1° Fahr. should be made 
for each 1° Fahr. rise in the air temperature, in order that 
the temperature of the motor when in use shall not in any 
part exceed 185° Fahr. (85° Cent.). 

Some makers are adopting for use as insulating materials, 
substances which are able to withstand high temperatures 
without injury. In such cases the permissible maximum 
temperature may be safely increased, but this should only 
be allowed after full consideration of all the conditions. 
There are many, who consider that in the case of induction 
motors with squirrel cage wound short circuited rotors, 
where the rotor bars only carry low tension current, that 
the above mentioned temperature limits are unnecessarily 
severe, but for all but special cases they appear to be as 
high as is consistent with safety. 

Low cost of maintenance and repairs depends to a large 
extent upon the rating of the motor being suitable for its 
maximum, as well as its average work. Its economy in 
working depends upon its average efficiency. 

Efficiency is the name given to the ratio between the useful 
work done by the motor and the total electrical energy given 
to the motor, and is usually expressed as a percentage of 
the useful work done. 

There are several methods in which the efficiency of a 
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motor may be determined, the one usually adopted when 
the motor is below 15 or 20 B.H.P. being the brake test. 
This is both direct, and easy to carry out, A Prony or 
other form of friction brake is litted up capable of absorbing 
the full power of the motor. If it is a direct current 
machine, a reliable ammeter and voltmeter for measuring 
the enei^y applied and a tachometer or speed counter 
complete the apparatus required. In carrying out the test 
the motor is started, the load applied, and when it is steady 
simultaneous readings are taken of the ammeter and volt- 
meter to measure the electrical energy given to the motor, 
and of the weight on the brake arm, and the speed to 
determine the brake horse-fiower given out. The ratio of 
the two multiplied by 100 gives the percentage efficiency. 

The following record of an actual test carried out on 
a direct current crane motor is typical of good modern 
practice. 

The motor was rated for ciane service at 18 B.H.P. to 
work on a 460 volt circuit. It was run for half an hour 
steadily at this load, ai the end of which time the following 
temperature rises above the surrounding atmosphere were 
measured by means of thermometers ; — 

Commutator - - - - 53° Fahr. 

Armature core - - - - 59° Fahr. 

Field core - - - 51-5° Fahr. 

The allowable temperature rise under above conditions was 

75* Fahr. 

The load was kept constant by means of a Prony brake, 
having an arm 3-11 ft. or 37'33 in. long. 

The measurements taken for this test were ; — 

Speed of motor = 597 revolutions per minute. 

Weight on brake ^ 52-5 lbs. 

Current supplied to motor = 36 amperes. 

Pressure at motor terminals = 460 volts. 

Effective length of brake arm = 3-11 ft. 
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a^ lenffh of lirake 

.-. 1J.H.P. = arm in fee< per minuii 

33,000 
_ 2 X 31417 X 3 1 1 X 597 X 52-5 

33,000 
= I8-5B.H.P. 
Electrical input 

_ 36 amperes x 460 volts _ 

746 

Percentage efficiency at full load 

18-5 X 100 fto.,n„„ 

" — 222" "^ ^ 

In order to further test ihe insulation of the e 

and field coils, it is usual to apply not less than twice the 

working pressure for a period of half a minute or a minute 

between the conductors and the frame, or a higher voltage 

momentarily. In this case, the pressure applied in the form 

of alternating current pressure might be 1,500 volts apphed 

for one minute, or 2,000 volts for a moment. This is 

termed in practice the flashing test. 

In the above calculations use has been made of certain 
relationships between the mechanical and electrical units 
which it will be well to refer to in further detail. In 
Chapter I., page 16, it was shown that the relationship 
— known as Ohm's law — between the volt, the unit of 
electrical pressure; the ampere, the unit of rate of flow 
of current; and the ohm, the unit of electrical resistance; 
might be expressed for direct currents as : — 

ohms' 

Volts = amperes X ohms. 
The rate of doing work in an electrical circuit is expressed 
1 watts, which may be taken as the product of the amperes 



Amperes = 
Ohms = 
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into the electrical pressure, or as the product of the volts 
into the amperes, thus : — 

Watts = volts X amperes 
— amperes^ x ohms 

ohms 

The watt, the unit of rate. of doing work in an electrical 
circuit, is the rate of working when a current of one ampere 
flows along an electritial circuit, the difference of pressure 
between whose ends is one volt. 

It should be borne in mind that the watt expresses the 
rate of working, and is equivalent to a unit of power, the 
work done in an electrical circuit depends upon the rate of 
working and the lime during which that rate was maintained. 

In mechanics the rate of doing work is measured by 
comparison with the movement of a given mass or weight 
— one pound, through a given distance— one foot, in a given 
time — one second. It is therefore one foot-pound per second. 
This is too small for a practical unit, so the horse-power is 
usually taken. > 

This is the rate of working when a mass or weight of 
550 lbs. is moved through a distance of one -foot in one 
second, or sixty times this amount, or 33,000 lbs. through 
the same distance in one minute, or of course a correspond- 
ingly less weight through a correspondingly longer distance. 

The horse-power only expresses rate of working; the work 
done is determined by the rate of working, and the time 
during which that rate of working is maintained. The 
usual practical unit of work done is the horse-power hour, 
which is one horse-power — rate of working maintained for 
one hour — time of working. 

The relation between electrical and mechanical activity 
or rale of working can be determined by finding out the 
work which is done in a given time and comparing results. 
Very careful determinations have been made of the work 
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done in an electrical circuit in a given time by measuring 
the amount of electrical energy converted into heat in a 
coil of wire, and noting the rise of temperature produced 
in a given mass or weight of water. 

It is found that when work is being done at the rate of 
one watt, it is equivalent to mechanical work done at the 
rate of moving 0-7372 lb- through a distance of one foot 
in one second, or 44-236 lbs. through the same distance 
in one minute. 

The equivalent in watts of 1 H.P. is therefore 

The electrical energy flowing in an electrical circuit, or 
its rate of doing electrical work, may if desired be expressed 
in horse-power since. 

Watts = amperes* x ohms = amperes x volts. 

IT amperes* x ohms amperes x volts 

Thus in the test referred to above the horse-power supplied 

to the motor was found out by means of this formula, thus :— 

36 amperes x 460 volts _ t^^,^ „ „ 

746 ■ ■ > 

The electrical work done by the passage of an electrical 
current through a circuit is represented by the transforma- 
tion of some of the electrical energy into heat energy. 
The amount thus transformed depends upon the rate of 
flow of current and the electrical resistance; and as shown 
above, varies with the square of the currenl- 

Thus if we have an electrical circuit with a resistance of 
2 ohms, the horse-power required to drive a current of 
25 amperes through it will be : — 

„ amperes* X ohms 25* x 2 1250 

Horse-power ^^g liT = Tie" 

= 1-67 horse-power. 

The commercial and legal standard in this country for 

electrical work done is at present termed the Board of Trade 
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Unit It represents the work done in a circuit by 1,000 

watts working for one hour or its equivalent. Since 

1,000 watts is termed a kilowatt, it is sometimes called a 

kilo wait-hour. Both these terms are inconvenient, and 

it is probable that the name Kelvin will soon come into 

commercial use. This term is, of course, suggested not 

merely as suitable, but in memory of the great scientist. 

Lord Kelvin, who did so much to further the science and 

practice of accurate electrical measurement. 

One Board of Trade Unit, therefore, equals 

1000 1 ,, u „ . 
-— ^ = r34 H,P. hours. 

The equivalent in foot-pounds of work of a horse-power 
hour as shown above is 

33,000 X 60 = 1,980,000 ft.-lbs. 
The equivalent in foot-pounds of work of a Board of 
Trade unit is, from the equivalents given above, 
g 1,980.000x1000^ ^ ^^3,^,^^^ 

SO 7*6 

^ The usual standard of comparison in this country for 

-i^heat energy measurement is the British Thermal Unit, 

which is the name given to the amount of heat required to 

raise the temperature of 1 lb. of water from 68° Fahr. to 69° 

Fahr. This is equivalent to 778 ft.-lbs. 

The equivalent of 1 H.P. hour in British Thermal Units 
is therefore 

li?|2f?-2,646B.Th.U. 

and of one Board of Trade Unit — 

2,6M,U9.3.,„ g,,^^, 

With the above formulae it is easy to determine the normal 
full load current of any motor m_ thp supply voltage, thus 
if the working prejafl^^i^ (4Slfc?Tel^^iSd we have a motor 
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which at full load, gives 10 B.H.P. and has an efficiency of 
86 per cent., the current required by the motor will be : — 

10 B.H.P. X 746 watts x 100 , „ „ 

j^ — — = 18-8 amperes. 

460 volts X 86 

It is also possible to calculate the heat efficiency of any 
installation. Thus in the large works whose weekly cost of 
working is detailed in Chapter VIll., page 169, we find that 
the units generated per week amount to 35,100 units and 
that the total coal used — at the average rate of 5 lbs. of coal 
per kilowatt-hour or unit — equals say 79 tons per week. 

The number of British Thermal Units in 1 lb. of 
coal varies with the quality between about 12,000 to 14,500; 
for the purpose of this calculation the medium value of 
13,500 B.Th.U. per pound of coal will be taken. 

The total energy supplied to the works in the course of 
one week expressed in British Thermal Units will be : — 

13,500 X 2,240 x 79 tons = 2,388,960,000 B.Th.U. 
Assuming that the whole of the energy is used for driving 
motors, and that the motors have an average efficiency 
including losses in the distributing system of 85 per cent., 
the total brake horse-power hours developed by the 35,100 
units generated will be :^ 

??iMi|_^.39,993H.P.ho»s. 

Since the heat equivalent of one H.P. hour is 2,545 
B.Th.U., the number of British Thermal Units represented 
by the motor load will be : — 

39,993 X 2,545 = 101,782,185 B.Th.U. 
The percentage heal efficiencyof the whole system, that 
is the percentage ratio of the energy represented by the 
brake horse-power of the motors to the total energy con- 
tained in the coal, is :— 

101,782,185 x: 



2,388,960,000 



6 per cent. 
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This figure shows how low under ordinary working con- 
ditions the heat efficiency of even a well-planned power 
installation really Is. Of course on special test runs, when 
the plant is run on steady full load for a specified time, a 
much higher efficiency can be got, such as 13^ or even 15 
per cent, for steam and 17 to 20 per cent, for gas plants, but 
even here there is great room for improvement. 

The percentage efficiencies which may be expected at 
varying loads in direct cunent motors made by first-class 
firms, such as Electromotors Ltd., are shown on Fig. 47, 
where — 

The bottom curve is for a motor rated to give 1^ B.H.P. 

at 1,600 revolutions per minute. 
The middle curve is for a motor rated to give 10 B.H.P. 

at 1,000 revolutions per minute. 
The top curve is for a motor rated to give 20 B.H.P. at 
875 revolutions per minute. 

It will be seen that the losses in small motors are con- 
siderably more than in larger sizes, and that unless the 
individual motors in an installation are of fairly large size, 
or by using a number of small motors other savings may be 
effected, the extra losses in the motors themselves will prove 
a serious matter, quite apart from the interest and deprecia- 
tion charges on the larger capital outlay required for the 
small motors. 

In Fig. 48 the efficiency of a 15 B.H.P. three-phase 500 
volt 50 ~ induction type motor, as made by the Electric 
Construction Co., is shown. It will be seen that the 
efliiciency itself is about the same as for a direct current 
motor under similar conditions, but that underneath the 
efficiency curve there is another curve which shows the 
power factor of the motor under varying loads. At full load 
this is 86 per cent., at half load 79 per cent., and at quarter 
load 61J per cent. As explained on page 38 this indicates 
the increase in the current due to the "impedance" of 
the circuit, which increase is not represented by actual work. 
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This affects the current required to drive the motor though 
it does not increase the power it gives out. 

The current actually flowing in the circuit will be greater 
than it would be if the power factor were unity by the 
following percentages : — 

Full load = ^-^1^ = 163 per cent. 



21x100 



61-5 



S-6 per cent. 



These increased currents have to be provided for in 
determining the sizes of the distributing cables, or else the 
losses will be considerably reduced, and the efficiency of 
the installation correspondingly lessened. 
• It is very necessary when testing induction motors to have 
in circuit a reliable wattmeter to measure the real energy 
supplied to the circuit. The product of the voltmeter and 
ammeter readings only gives the apparent energy being 
supplied to the circuit, the wattmeter gives the real energy, 
and the ratio between the two is the power factor. 
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CHAPTER V. 

THE COST OF ENERGY AS AFFECTED 
BY CONDITIONS OF WORKING. 

Effect of Varying Condiiions of Use upon Cost of Electrical Energy — 
Variable- Charges for Public Electricity Supply— Meaning of Terms 
"Plant Load Factor "and "Load Factor" — Average and Maximum 
Loads — Cost of Working a Gas Engine Installation under Different 
Conditions— Effect on Cost per Unit— Central Station Load Factors 
— The Maximum Demand System of Charging for Electrical Enei^ 
— " Diversity Factor" — How il Affects Cost of Supply from Central 
Stations or Size of Generating Plant in Private Installations. 

One of the most difficult tasks in considering the question 
of electric driving, is to fully appreciate the extent of the 
effect on cost, of the conditions under which electric energy 
is generated. It is this fact, which permits so many state- 
ments — true in themselves as to cost of power — to be made 
in such a way that the hearer gets a wrong impression as to 
their meaning in his particular case. 

The same causes affect the cost of working gas, oil, or 
steam engines, so that, to obtain definite comparisons as to 
the relative cost of using different forms of power, it is 
essential that the conditions under which the power is to be 
used should be the same. 

The standard unit of electrical energy — that is electrical 
work done— whether called a Board of Trade unit, a Kilo- 
watt-hour, or by its latest name, the Kelvin, is the same, and 
represents the same amount of work done, whatever the 
conditions may be under which the enei^y is used. But 
while the work value of a kelvin is unalterable, the cost 
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value constantly varies and sometimes gives rise to some 
curious results. 

Thus in domestic installations, two meters are often 
placed on the same house service, one to measure the 
energy supplied to the lamps used for lighting, and the 
other Tor the energy supplying the radiator lamps used 
primarily for heating. There is no difference in the energy 
used for the two circuits, in fact it is supplied to the house 
along the same wires, yet very different rates are charged, 
the lighting units being often two or three times as dear as 
the heating units. 

A little inquiry will also show that in many districts the 
charge made for lighting units is not a definite sum, but 
some figure which varies between two extremes according 
to the maximum number of lamps which may have been 
ahght at any one time. In a few cases, such as with some 
classes of consumers at Norwich, there is a low fixed charge 
per unit made for units actually used, plus a flxed percentage 
on the rateable value of the house. 

A study of the prices charged by all the electricity supply 
undertakings in the country show that about 40 per cent, have 
a fixed price, or, as it is termed, a flat rate for lighting units, 
another 40 per cent, offer an option between a fixed and a 
variable rate, while the remainder give no choice, but insist 
upon the customer accepting a variable rate of charge. 

The reason for these apparent complications lies, of 
course, in the fact that the cost of producing and distributing 
an electrical unit depends upon the conditions under which 
it is generated and used. It is not possible here to deal 
fully with the varying conditions, but some explanation of 
the principles of power generation will enable a fair estimate 
to be formed of the cost of electrical energy used for a 
particular purpose under stated conditions. 

In the first place, suppose that a small gas engine drives 
a dynamo which is only used for charging a battery of 
accumulators. All the energy required for the lamps or 
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motors is taken from the battery, which is of such a size that 
it is emptied each night, and it takes the dynamo eight 
hours during the daytime, working at full load, to charge it. 

The gas engine and dynamo work at their best efficiency 
and maximum output all the time, only one attendant is 
required, and the number of units supplied to the battery 
is the same each day, since the battery is working under 
similar conditions, that is, it is completely discharged each 
night, and fully charged each day. Consequently, the cost 
of each unit taken from the battery is practically the same, 
whether the battery is discharged slowly or quickly, since 
although used under different, the energy was produced 
under similar conditions. 

The terms generally used to express the conditions under 
which electrical enei^y is generated are " plant load factor " 
and "load factor." The "plant load factor" is the ratio 
of the electrical units actually produced by an electrical 
generator or group of generators to the number which would 
have been produced had the generator or group of generators 
worked continuously at full load for the same period. It is 
usually expressed as a percentage. 

Thus in the above case the "plant load factor" is 100 
per cent, since the dynamo works at full load all the time. 
The higher the plant load factor, the more favourable for 
economy are the conditions under which the plant is work- 
ing. Such plant load factors as 100 per cent, are only com- 
mercially obtainable when accumulators of large capacity, 
relative to the work to be done, are installed ; for ordinary 
working the combination of dynamo with battery is too 
expensive, and the charges for repairs and renewals, together 
with the interest and depreciation allowances, would far 
outweigh the gain due to the higher efficiency of the plant. 
It will, however, be noted in this case that the size of 
dynamo and gas engine is determined by the rate at which 
the battery is charged, and not by the maximum load on the 
battery, a difference which permits of a considerable reduc- 
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tion in the size and cost of the generating plant, and this goes 
some way towards balancing the cost of the battery. 

While the "plant load factor" indicates the conditions 
under which a single generator or group of generators is 
working, the term "load factor" has a wider and more 
general application. It is used to express the ratio as a 
percentage between the units actually generated or used in 
an installation or distributing system, to the number of units 






Fig. 48. — Diagram illusWating varying Demand for Power in Factory 
during Working Day. 

which would have been generated or used had the maximum 
load been maintained for the whole period to which the 
term is applied. For instance, it is said that the load 
factor of a certain electricity supply undertaking in a small 
town with a purely lighting load is 12J per cent, for a given 
year. This means that the units actually sold during that 
year are one-eighth of those represented by the maximum 
load in kilowatts during the year, multiplied by 8,760, the 
total number of hours in the year. 
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The teiTO is equally applicable to a small installation, and 
may be used to cover any period of time ; the only point to 
note is that in making comparisons the same period is taken 
for both cases. 

Fig. 49 shows how the term may be used in con- 
nection with the daily work in connection with a motor 
installation in a factory where the load varies between 3 and 
14 B.H.P. In practice the changes in load will be more 
frequent and more abrupt, the figures and times taken are 
chosen simply to illustrate the principle on which the load 
factor is calculated. The diagram shows how a load curve 
is made ; it should really be termed a time load curve. 

It works out as follows : — 

6.0 A.M.to 8.0 A.M. = 7 B.H.P.x2hrs. = UB.H.P.hrs. 
8.0 „ 8.30 „ = Breakfast interval. 
8.30 „ 9.30 „ =6 B.H.P. xl hr.= 6 „ 

9.30 „ 11.30 „ =5B.H.P. X2 hrs. = 10 
11.30 „ 12.0 noon = 6 B.H.P. x J hr.= 3 
12.0 noon to 1.0 p.m. = 14 B.H.P. x 1 hr. = 14 
1,0 P.M. to 2.0 „ = Dinner interval. 
2.0 „ 3.0 „ =3 B.H.P. xl hr.= 3 
3.0 „ 4.30 „ =6B.H.P.xlihrs.= 9 

4.30 „ 5.30 „ =11 B.H.P. xlhr. = ll 



Total = 70B.H.P.hrs. 
The maximum load was 14 B.H.P., and the time of work 
ten hours, so that the maximum possible brake horse-power 
hours were :— 

14 X 10=140 B.H.P. hours, 
and the percentage daily load factor is : — 
_ 70xl00 ^ 
140 

In large stations the load is either automatically recorded 
on a recording wattmeter, and the actual units generated or 
sold found by integrating the space enclosed by the curve, 



= 50 per cent. 
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or readings of output are taken at the switchboard every 
quarter or half hour, and entered in the log book. This 
gives the maximum load; the units actually generated or 
sold are found by the difference in the station meter 
readings. 

In order to see the effect which alterations in the load 
factor has upon the cost of producing electrical energy, it 
will be well to take a special case, and, using the same 
generating plant, find out the cost per unit with varying 
weekly outputs. 

For this purpose a small factory with a self-contained 
generating plant will suffice. The generating plant consists . 
of a gas engine driving a dynamo through belting, and the 
price of gas is 2s. per 1,000 cub. ft. The aggregate load of 
the motors and shafting is 45 B.H.P., and, assuming an 
average efficiency, the full load requirements will be 40 KW, 

The cost of installing such a plant varies with the type 
of plant chosen, but an average figure for a gas engine 
capable of developing up to 65 B.H.P., a 40 KW. direct 
current dynamo, all foundations, the necessary switchboard, 
belting, dynamo connections, water vessels, pipe connections, 
and erection ready for working would be ^660. 

The following assumptions are made in the various 
estimates : — 

The gas consumptions per KW. hour are taken as ; — 
26 cub. ft. per KW. hour at full load. 
30 „ „ three-quarter load, 

36 „ „ half load. 

55 „ „ quarter load. 

These figures correspond to ; — 

17| cub. ft. per B.H.P. hour at full load. 

19J „ „ three-quarter load. 

23 „ „ half load. 

34 „ „ quarter load. 
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These consumptions would be considerably improved on 
in test rans in makers' works under specially favourable 
conditions, but they may be accepted as near the average 
figures obtained in ordinary working. 

The working hours per week are taken as fifty-six. 

The repairs are calculated throughout on percentages 
of the capital outlay corresponding with results actually 
obtained in places where ordinary care has been exercised. 
This is a factor on which the personal element of the interest 
of the attendant in his daily work has an important influence. 

An allowance at the rate of 10 per cent, per annum on 
the whole capital outlay is made in all cases to cover the 
items of interest on capital, and depreciation. This should 
enter into all considerations of cost of working. The rate 
allowed by different manufacturers varies, and while many 
manufacturers would allow 12 to 12J per cent., 10 per cent, 
may be assumed an average fair figure on which to base 
comparative estimates. 

No allowance is made for proportion of rent, rates, and 
taxes, as this is a very variable amount, and is the same in 
alt the cases under immediate consideration. 

Four cases will be taken : — 

/iW/.— Assuming the ideal condition of the plant work- 
ing at full output all the time, that is, with a plant load 
factor of 100 per cent. 

Second. — With the plant working on an average at three- 
quarter load, that is, with a plant load factor of 75 per cent. 

Third. — With an average load of half full load, or a plant 
load factor of 50 per cent. 

Fourth. — With an average of quarter load or a plant 
load factor of 25 per cent. 
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First Caw.— The conditions of working are : — 
Full load of plant • 

Average load 
Working hours per week 
Units generated per week 
Plant load factor - 
The weekly cost of working is : — 



= 40 K\V. 
= 40 KW. 
= 56 hours. 
6 = 2,240 units. 



= 100 








Cost. 


Pence, 
pel Unit. 


Gas, 2,240 units at 26 cuh. ft. pe 

unit = 2,240x36 = 58,240 cub. ft 

at 2s. per 1,000 cub. ft - 
Oil, 1 gal. for ten hours' running 

say 6 gals, at Is. 8d. per gal. 
Water, say 2i gals, of fresh wate 

perunit = 2-5 x 2,240 = 5,600gals 

at 6d. per 1,000 gals. - 
W.^STE, Stores, and Sundries 

say 

Labour, say one man at 22s. 
Allowance for Occasionai 

Supervision, say 
Allowance for Repairs, saj 

one week at rate of 3J per ceni 

per annum on ;£560 - 
Allowance for Interest ane 

Depreciation Charges, sa 

one week at rate of 10 per ceni 

per annum on ;£'560 - 




£. s. d. 

5 16 6 

10 

2 10 

5 

1 2 

2 6 

7 6 

1 1 6 


0-62 
0-06 

001 

003 
012 

o-oi 

0-04 
012 


Total weekly cost • 




9 7 10 


101 
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SKond Case. — The conditions are : — 
. Full load of plant - 
Average load 
Working hours per week 
Units generated per week =3' 
Plant load factor - 



= 40 KW. 
= 30 K.W. 
= 56 hours. 
56 = 1,680 units. 
= 75 per cent. , 



The weekly cost of working is :- 





Cost. 


Pence 

per Unit. 


Gas, 1,680 units at 30 cub. ft. per 

unit = 1,680 X 30 = 50,400 cub. ft. 

at 2s. per 1,000 cub. ft. - 
Oil, sa/ 1 gal. for eleven hours' 

running, say 5 gals, at Is. 8d. 

per gal. ----- 
Water, say 2J gals, of fresh water 

per unit = 2-5 x 1,680 = 4,200gals. 

at 6d. per 1,000 gals. - 
Waste, Stores, and Sundries, say 
Labour, one man at 22s. 
Allowance for Occasional 

Supervision, say - - ■ 
Allowance for Repairs, say one 

week at rate of 31 per cent, per 

annum on i;660 - - 
Allowance for Interest and 

Depreciation Charges, say one 

week at rate of 10 per cent, per 

annum on ;£^560 

Total weekly cost - 


/ s. d. 
5 10 
8 4 

2 3 

4 6 

1 2 

2 6 

7 

1 1 6 


0-72 

0'06 

0-02 
0-03 
0-15 

0-02 
0'05 

0-15 


8 8 11 


1'20 
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Third Case. — The conditions are t — 
Full load of plant - 

Average toad 
Working hours per week 
Units generated per week == 2* 
Plant load factor - 
The weekly cost of working is : — 



<56 



= 40 KW. 
= 20 KW. 
= 56 hours. 

1,120 units. 
= 50 per cent. 





Cost. 


Pence 
per Unit. 


Gas, 1,120 units at 36 cub. ft. per 

unil=l,120x36 = 40,320cub.ft. 

at 2s. per 1,000 cub. ft. - 
Oil, say 1 gal. for thirteen hours' 

running, say 4 gals, at Is. Sd. 

per gal. - ; - . - 
Water say, 2J gals, of fresh water 
' perunit = 2'5 x 1,120-2,800 gals. 

at 6d. per 1,000 gals. - 
Waste, Stores, and Sundries, say 
Labour, one man at 22s. 
Allowance for Occasional 

Supervision, say - - - 
Allowance for Repairs, say one 

week at rate of 3 per cent, per 

annum on i;560 - - - 
Allowance for Interest and 

Depreciation Charges, say 

one week at rate of 10 per cent. 

per annum on ^£560 - 

Total weekly cost - 


£ s. d. 

4 8 
6 8 

1 5 

4 

1 2 

2 6 

6 5 

1 1 6 


0-86 

0-07 

0'02 
0-04 
0-23 

002 

0-07 

0'24 


7 5 2 


1-55 
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Fourth Cajif.— The conditions are : — 



Full load of plant - 
Average load 
Working hours per week 
Units generated per week 
Plant load factor - 

The weekly cost of working is :- 



= 40 KW. 
= 10 KW. 
= 56 hours. 
=■10x56 = 560 units. 
= 25 per cent. 





Cost. 


Pence 

per Unit. 


Gas, 560 units at 55 cub. ft. per 

unit = 560x55 = 30,800 cub. ft. 

at 2s. per 1,000 cub. ft. 
Oil, say 1 gal. for sixteen hours' 

running, say 3^ gals, at Is. 8d. 

per gal. 

Water, say 2J gals, of fresh water 

per unit = 2-5x560 = l,400 gals. 

at 6d. per 1,000 gals.- - - 
Waste, Stores, and Sundries, 

say 

Labour, one man at 22s. 
Allowance for Occasional 

Supervision, say - - - 
Allowance for Repairs at rate 

of 2| per cent, per annum on 

iisso 

Allowance for Interest and 
Depreciation Charges, say one 
week at rate of 10 per cent, per 
annum on ^^560 

Total weekly cost - 


£ s. d. 
3 1 7 
5 10 

8 

3 6 

1 2 

2 6 

5 11 

1 1 6 


1-33 
012 

0-01 

0-08 
0-47 

0-05 
0-12 

0'46 


6 3 6 


2-64 



From the above instances it will be seen how the plant 
load factor affects the cost per unit generated. 
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The figures are r — 
100 percent, plant load factor, cost per unit generated lOld. 
75 „ „ „ „ l-20d. 

50 „ „ „ „ l-55d. 

25 „ „ „ „ 2-64d. 

These results are shown on Fig, 50, where the percentage 
plant load factors are plotted as abscissae, and the cost per 
unit generated as ordinates. The costs per unit at inter- 



Fig. 50.— Curve showing Effecl of Load Factor on Cost per Unit 
of Electric Energy. 

mediate plant load factors can be taken from the curves. 
These figures can only be approximate, as the load would 
not in practice be steady, but varying from time to time, 
consequently, though the average load may be a definite 
percentage of full load, it does not follow that the average 
gas consumption per brake horse-power hour is the corre- 
sponding figure for that particular fraction of full load. 

The above example, which is typical of ordinary practice, 
shows how the efficiency of the plant is affected by the 
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average toad, and the influence the permanent chaises, 
which in this case comprise the cost of labour, repairs, and 
interest and depreciation on the capital outlay, have on the 
result. It points out, too, that efficiency may be purchased 
at too high a cost in capital outlay, since the interest and 
depreciation allowances on the extra capital outlay may 
more than counterbalance the savings effected by the 
alteration. 

If the above were required to work at a fairly high load 
factor the whole of the twenty-four hours, the cost [jer unit 
generated could be appreciably reduced. It would be 
necessary to employ more labour, either two men working 
twelve hours a day each, or three men working eight hours 
each, and the cost of repairs would be increased owing to 
the extra wear and tear, but the allowance for interest and 
depreciation would be the same, and being spread over a 
larger number of units the amount per-unit would be corre- 
spondingly less. 

In central station work the load factor of the system 
rather than the plant load factor of the individual generating 
sets is the important feature, since with proper care on 
the part of the station attendants the plant load factor of 
the running sets can be kept high, although the general 
load factor of the system may be low. 

The load factor of a suburban district supplying princi- 
pally private residences is rarely higher than 11 or 12 per 
cent. ; with a good proportion of power customers, and a 
tramway load, the load factor may go up to 25 or 30 per 
cent., but it rarely rises higher in public supply undertakings. 

The average load factor for 1906-07 of 282 undertakings 
tabulated by the ^/rfi'/wi// TiMW, was only 17-22 percent., no 
one station distributing energy direct, reaching 30 per cent. It 
is said that the Newcastle-on-Tyne Electric Supply Co. Ltd., 
who supply so many large power users in the Tyne district, 
have an annual load factor approaching 40 per cent., but at 
present this is an exceptional case. There is, therefore, a 
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wide mai^n in every undertaking for improvements to be 
made before the load factor even approaches the ideal 100 per 
cent., when the costs of production would be a minimum. 
One of the power companies, the Yorkshire Electric Power 
Co., is endeavouring to fill in this gap by selling energy to 
a chemical manufacturing company at very low rates during 
the hours of light load, the supply being cut off at the times 
when the ordinary load makes heavy demands on the 
station. 

The low load factor of a purely lighting load explains why 
electrical eneigy generated under these conditions must be 
comparatively dear, and justifies the high charges which 
are sometimes made for units used for this purpose. 

The aim of every central station engineer is to improve 
his load factor, and to do this he must increase his sales 
in every direction, and endeavour to obtain as many different 
classes of customers as possible, so that their periods of 
heavy load may not coincide. By so doing, he will reduce 
his cost of production, and increase his load factor. It is 
with this object that the long hour consumer who burns a 
small number of lamps long periods each day, has been en- 
couraged by such special methods of charging as the maxi- 
mum demand system. Here, each consumer has, in addition 
to his meter, a maximum demand indicator which tells the 
maximum current since the last reading. In making out 
the bill the total number of units as shown by the meter 
are taken. Part of the number, represented by the maxi- 
nmm load as registered by the indicator, multiplied by 
either one or one and a half, are charged at the high rate 
and the remaining units at the lower rate. Those charged 
at this high rate represent the maximum demand during 
the quarter maintained for either one or one and a half 
hours per day, according to the basis of charge adopted. 

For instance, if a consumer has used 450 units in a 
quarter, and his maximum demand is 3J KW., equivalent 
to forty 16 candle-power lamps on at one time, his bill 
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would be, if the two rates were 7d. per unit for one hour 
per day of maximum demand for the high priced and IJd. 
per unit for the low priced units :— 

2J units X 91 days x 1 hour per day = 

228 units at 7d. per unit ■ - - ;£6 13 

450 - 228 = 222 units at Ijd. per unit - 17 9 



£^ 9 



or an average of 4:'29d. per unit, the load factor of this 
particular customer for the quarter, or 91 days, being: — 

450 X 100 _ 45,000 _„^. 

2-5 units X 91 days x 24 hours 5,460 '^'^ 

If the customer had used the same number of units, but 
his maximum number of lamps alight at any one time had 
been twenty 16 candle-power lamps representing \\ units, 
his bill would have been made out thus ; — 

1'25 units X 91 daysxl hour per day = 
' 114 units at 7d. per unit - - - _£3 6 6 

450-114 = 336 units at IJd. per unit - 2 2 

£^ 8 6 



or an average cbarge of 2-89d. per unit, the load factor in 
this case being : — ■ 

450 X 100 ^ 45,000 

i-26 uniU X 91 days x 24 hours 2,730 " ^^'^^ P" *^^'"- 
This method of charging, popularly associated with the 
name of Mr Arthur Wright, who introduced it some years 
ago at Brighton, is theoretically correct in regulating the 
average price per unit according to the maximum demand 
on the station of the particular customer, that is accordiiig 
to his load factor. Owing largely to the difficulty of getting 
customers to understand why they may be called on to pay 
different average prices for the same number of units of 
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energy used for the same purpose, it has never proved really 
popular, and the tendency to-day is towards flat rates of 
charge for units sold for ordinary lighting purposes, graduated 
scales being reserved for large power users and enei^ 
required for special purposes. 

A good deal of attention has been given during the past 
two or three years to another consideration which has a 
very real influence upon the price at which electric energy 
may be profitably sold by the supply undertaking. It is 
the effect of supplying energy to a number of consumers, 
the character of whose demands differ, and whose periods 
of maximum load occur at different times of the day or night. 

This is termed the "diversity factor," and may be ex- 
plained as the ratio of the sum of the maximum demands of 
all the customers concerned divided by the actual observed 
maximum load of those customers. 

For instance, take the case of twelve tradesmen who each 
have electric motors to a total of 12 H.P. installed on their 
premises. Their ordinary work needs 5 B.H.P., but each 
occasionally wants all his motors to work at full load. 
With some, this full load period comes on in the morning, 
with some in the afternoon, with others in the evening; in 
no cases do the periods of full load of the various trades- 
men clash. 

The maximum demand of each customer is 12 B.H.P., 
or a total of 12x12 = 144 B.H.P. The maximum demand 
upon the station at any one time is ; — 

Eleven customers having motors averaging 

aloadof 5B.H.P.each = llx5 55 B.H.P. 

One customer having motors loaded up to 12 „ 

67 B.H.P. 

The diversity factor in this particular case is 

^ Ut B.H.P. (sum of maximum demands) ^ .-,.^g 
67 B.H.P. (actual maximum demand) 
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This ratio of actual maximum demand to the possible 
maximum demand is an all-importanC one in relation to the 
question of cheap supply from a central station, as well as 
in determining the size of an independent generating plant 
for a large installation. 

If we take an extreme case where there is one large 
motor in a works and an independent generating plant, the 
generating plant must be capable of running the motor at 
full load, and the diversity factor will be 1. 

In the case mentioned earlier in this chapter, where 
motors to an aggregate of 45 B.H.P. were installed, if they 
were required to work at full load simultaneously, the 
diversity factor would be 1, and the generating plant must 
be able to supply the total horse-power installed, although 
the average load may be very much less. 

In industrial works the periods of full load on the 
various motors rarely coincide, and in fixing prices of energy 
if the energy is purchased, or the size of the generating 
plant — which determines the capital outlay — if the energy is 
generated on the premises, the diversity factor of that 
particular installation must be taken into account. Since 
this is difficult to determine in works where mechanical 
methods of driving are employed, the data obtained by 
comparing the estimated total horse-power of the various 
machines with the indicated horse-power of the engine 
should be checked by as many comparisons with similar 
works driven by electric power as possible. 

Take a case of a works where the following eight motors 
were installed : — 

3of20B.H.P. .----= 60 B.H.P. 

3 of 10 „ = 30 „ 

1 of 7 „ - - - - - = 7 „ 

1 of 30 ,. = 30 „ 

Total - - - =127 B.H.P. 
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These motors were used for different purposes, and the 
maximum demand they made on the generating plant was 
40 B.H.P. 

The diversity factor was therefore : — 

127 B.H.P. 



40 B.H.P. 



= 317. 



It would therefore be sufiideiit to have a generating plant 
capable of developing iO B.H.P., or one-third of the total 
B.H.P. of the different motors installed in the works. The 
first cost of such a plant would be considerably lower than 
that of a plant capable of supplying all the motors at full 
load at the same time, and working fit full load it would 
work under better conditions as to economy than the lai^er 
plant. The proportion of interest and depreciation charges 
per unit would be reduced owing to the lower capital outlay, 
so that the total working costs would be considerably less. 
There would, however, be the risk, that if all the motors 
were for any reason required to work at full load at the 
same time for any lengthy period, the generating plant 
would not be equal to the demand for energy, and would be 
found too small for its work. 

A central station averages out this risk by seeking to 
supply customers of all classes, and it is found that the 
more varied the character of the demand, the higher the 
diversity factor of the system. 

Even on a load like the London County Council Tram- 
way system, the diversity factor is 1 J, on large supply systems 
with both power and lighting connections the figure rises to 
2 or 2J. and in some places it is 3 or 3^. These figures 
compare the total actual maximum demands of each 
consumer with the observed maximum demand, so are 
independent of the total B.H.P. of the motors installed in 
the various premises. On a large system where there are 
a number of different classes of consumers, and the station 
is well designed with suitable spare plant and a large over- 
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load capacity of the generating units in use, there is practically 
no risk of the supply of enei^y at any moment falling below 
the demand, and this is one of the great advantages of a 
large supply system as compared with the small independent 
plant. 

In the large power schemes which have during the past 
few years been brought forward for the supply of electric 
energy in bulk at cheap rates over the metropolitan area, it 
has been estimated that the capital cost ofa large generating 
station would not exceed £12 per KW. installed. This is, 
of course, a very low figure compared with the costs of 
independent plants, but before delivery of the energ>' to the 
customer there are distribution losses and the effect of the 
proportion of the capital cost of the distribution system to 
consider. 

Owing, however, to the influence of the diversity factor, 
this one KVV. of plant installed at the station is capable of 
supplying more than 1 KW. of the consumer's maximum 
demand, the increase depending upon the diversity factor. 
In some of the schemes referred to a diversity factor of 1-66 
has been assumed, so that the proportion of the station 
capital charges to be considered when estimating possible 
prices to be charged is not ;£12 per KW. of c 

demand, but - 



diversity factor 
If the diversity factor is taken at a higher figure, the 
amount will be still further reduced. This reduction in 
the capital cost, which must be allocated, makes a very 
considerable difference in the standing charges, which must 
be charged against each customer, and is one cause of the 
low charges which it is possible for a power company or 
large supply undertaking to make for electric energy, and 
yet for them to make a profit on the sale- 
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CHAPTER VI. 

THE QUESTION FOR THE SMALL 
POWER USER. 

Needs of Small Towei User— Electric Molois v. Gas Engines— Com- 
parison of Cost for Small Installalinn — EfTecl on Cost, ofCunlinuous 
and Intermittenl Working of Gas Engine — Shafting Losses zi. Motor 
Losses— Effect of Dividing the Load on Cost —Estimate of Relative 
Costs of Woikiog of Different Systems — Advantages of Electric 
. Motors. 

There are in every town a large number of people who 
need power for the efficient carrying on of their business. 
The individual needs of each of these power users may be 
small, but the question of the cost of this power to them 
is of equal and perhaps greater importance than it is to 
the larger manufacturer with his correspondingly increased 
demand- 
Speaking generally, the term small power user may be 
given to the person who requires less than 12 H.P. to be 
installed, and who uses his motors at intermittent periods. 
Small printing establishments, bakeries, laundries, butchers, 
hairdressers, small engineering works such as cycle and 
motor repair shops, and innumerable other industries, come 
under this category, and their importance as a class of 
customers has been fully recognised by many electricity 
supply undertakings, as well as by the makers of gas and oil 
engines. The diversity factor of such consumers is very 
high. It was recently stated that in Glasgow over 75 per 
cent., or 1,600, of the power consumers connected to the 
mains, needed less than 5 B.H.P. at any one time, and these 
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small motors in the aggregate formed over 25 per cent, of 
the total load. In many districts low rates, and what is 
perhaps more important still, rental systems for the hire of 
motors, have resulted in the greater number of these small 
power users adopting electric driving. There are still, how- 
ever, very many cases in which considerable savings could 
be effected by electric driving were it not for the fact that gas 
or oil engines already installed makes the owner reluctant 
to make a change. 

It will perhaps, be well to take several cases, typical of 
ordinary conditions, and see, tirst, how on the question of 
cost the two systems of electrical and mechanical drive 
compare, and afterwards to refer to other factors which it 
is equally important to bear in mind when considering the 
matter. 

There are several towns in which gas can be obtained for 
power purposes at 2s. per 1,000 cubic feet, and electric 
energy for motors at Id. per unit. As these are practically 
minimum rates, it will be well to base any comparative 
figures on them. In such cases, the choice for the small 
user lies principally between the gas engine supplied with 
town's gas, and the electric motor. 

Take first, the case of a person — say a small printer or 
baker — who only wants about 2 B.H.P. at intermittent 
periods, totalling in all about thirty hours per week. With 
the gas engine he needs a total of 30 feet of shafting ; an 
electric motor can be placed in a more convenient position, 
and 20 feet of shafting is sufficient. 

The electric motor can be started or stopped at any time 
by merely closing the main switch, and moving the handle 
of the starting switch ; it takes several minutes of careful 
Attention to start the gas engine. This means, that in many 
cases the gas engine is kept at work the whole of the time 
in order to save delay when the power is required. It is 
only in exceptional cases, that the engine can be started 
each time it is wanted. The figure of 2 B.H.P. includes 
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the loss in the shafting. In the case of the electric motor 
with the shorter length of shafting, the B.H.P. required 
would not exceed, say, IJ B.H.P. The overioad capacity 
of both gas engine and motor will be sufficient to meet any 
temporary overload on the driven machines. 

The outlay in each case will be approximately : — 
Electric Motor — 

One 2 B.H.P. electric motor complete with 
starting resistance and main switch 

and fuse ^£30 

Allowance for fixing and wiring for motor. 

No special foundations necessary - 4 
Allowance for supplying and fixing 20 ft. 
of shafting with necessary supports, 
pulleys, and belts - - - - 9 

Total . jCi3 

Gas Engine — 

One 2 B.H.P. gas engine complete with 
water vessel, accessorieSj and neces- 
sary pipe connections to gas and 

water £3G 

Allowance for fixing and foundations - 9 
Allowance for supplying and fixing 30 ft. 
of shafting with necessary supports, 
pulleys, and belts - - - - 15 



Total - ^60 

The approximate weekly cost of working will be : — 

Electric Motor. 
Taking the efficiency of the motor at 82 per cent., the 
number of units to be purchased each week will be : — 
1-75 X 100x746x30 .„- ,o .. , 

82x1,000 = ^^'^' ^^y *^ """^ P^' "^^''■ 
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The cost is :— 

Energv, 48 units at Id. per unit - - ^0 4 

Oil and attendance, including that re- 
quired for shafting, say - - ■ 10 

Allowance for repairs, say one week 
at rate of 3 per cent, per annum on 
.^iZ. Os. Od. 6 

Allowance for interest and deprecia- 
tion ON CAPITAL OUTLAY, Say One 

week at rate of 10 per cent, per 
annum on ^43. Os. Od. - - . 18 
Total - ;£0 7 2 
Gas Engine. 
Taking first, the case where the gas engine is stopped 
when the power is not being used, we find that the engine 
works at practically full load for thirty hours per week, when 
the gas consumption may be taken as 32 cub. ft. of gas 
per B.H.P. hour. 
The cost is :— 

Gas, 2 B.H.P.for thirty hours = 60B.H.P. 
hours = 60 X 22 = 1,320 cub. ft. of gas 

at 2s. per 1,000 cub. ft. ■ - ;^0 2 7J 

Oil, 1 gal. for twenty hours' working, say 

IJ gals, at Is. 8d. per gal. - - 2 6 

Water, say 600 gals, at 6d. per 1,000 gals. SJ 
Labour, say one quarter of man's lime = 

one quarter of ;£1. 2s. - - - 5 6 
Allowance for repairs, say one week 
at rate of 3 per cent, per annum on 

£60. Os. Od. 8 

Allowance for interest and deprecia- 
tion ON CAPITAL OUTLAY, Say one 
weekat rate of 10 per cent, per annum 
on ^60. Os. Od. - - - - 2 1 
Total - £0 13 8 
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!f the gas engine is run all the time the cost of attention 
might be slightly reduced, since the number of starts would 
be less, but the amount of gas used would he increased, 
since the engine would be simply running round for the 
additional twenty-six hours. The gas consumption for 
these conditions for the extra twenty-six idle hours would 
not be less than 38 cub. ft. per hour. 

The weekly cost would therefore now be, assuming that 
the power required to run the shafting alone is 1 B.H.P. : — 

Gas, 60 B.H.I', hours at 22 cub. ft. per 

B.H.P.hout= 1,320 cub. ft. 

26 B.H.P. hours at 38 cub. ft. per 

B.H.P. hour = 988 =2,308 cub, ft. at 

2s. per 1,000 cub. ft. - ■ .^048 

Oil, 1 gal, for twenty-five hours' working, 

say 2-5 gals, at Is. 8d. per gal. ■ - 4 2 
Water, say 1,000 gals, at 6d. per 1,000 gals. 6 
Labour, say one man one hour per day 

—six hours at 22s. per week, say - 2 1 
Alix)wance for repairs, say, one week 

at rate of 3J per cent, per annum on 

jCGO. Os. Od. - - - ' 

Allowance for interest and 

TION ON CAPITAL OUTLAY, say One 

week at rate of 10 per cent, pet 
annum on £Q0. Os. Od. 



Total 



£0 H 



The approximate relative costs of gas and electricity, with 
gas at 2s. per 1,000 cub, ft. and electric energy at Id. per 
unit, when working under the above conditions, would be : — 

Electricity ^0 7 2 per week. 

Gas engine (working intermittently) 13 8 „ 
Gas engine (working continuously) 14 4 „ 



DigiLizedbyGoOglc 



QUESTION FOR SMALL POWER USER. 1 29 

The total cost in electric driving, excluding the amount 
paid for electric enei^, is — 

7s. 2d. less 4s. = 3s. 2d. 

Deducting this sum from the total cost of working by means 
of the gas engine working intermittently, we have — 

13s. 8d. less 3s. 2d. = 10s. 6d., 

as the sum which might have been paid for electric energy 
without the total cost exceeding that of gas under above 
conditions. 

As there were 48 units of electric energy used, the highest 
permissible cost per unit would be — 

I0s.6d. _126d._ 
48 46 



= 2-63d. per unit. 



Similarly, with the gas engine working continuously, 
we have as the permissible amount to spend on electric 
energy— 

■ 14s. 4d. less 3s. 2d. = lis. 2d. 

_ lis. 2d. 

48 48 

There are other considerations to be borne in mind, 
which have a very important bearing on the relative 
advantages for these conditions of the two systems of 
working. 

For instance, the space occupied by the gas engine is far 
greater than that required by the motor, which may, if 
thought advisable, be bolted to the ceiling, and the starting 
switch placed on the wall in any convenient position. The 
foundations for the gas engine must be substantial, and to 
avoid nuisance the exhaust must be carried clear of the 
building. 

The noise inseparable from the working of a small gas 
engine, is considerably more than the slight hum of the 
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motor, while the dislocation to business in ttie case of a 
break-down is Car less with the electric motor, than the 
gas engine. 

In the case of small users, whose requirements are of an 
intermittent character, there is no doubt that it is better to 
purchase electric energy at any reasonable figure and instal 
an electric motor than go to the larger expense of buying 
and fixing a gas engine. The savings are so considerable, 
without making any allowance for the contingent advantages 
just referred to, that in many cases it wiil pay to incut the 
loss of disposing of an existing gas engine, and installing an 
electric motor, 

A small engineering works may be taken as another 
typical case. Here there are a number of lathes and other 
machine tools requiring in all say 10 B.H.P. to drive them. 
The choice here, is to connect Ihem together by means of 
shafting and belting, and drive them as one unit, or to group 
the machines in three or four lines, and drive each line 
separately. If a gas engine is used, the first plan must of 
necessity be adopted. With electric motors, it is easy to 
subdivide the power, arrange the machines to be driven in 
groups with the minimum of shafting, and by placing the 
motor in the centres of the lengths of shafting reduce the 
required size of the shafts. 

Sometimes all the machines would be working at full 
load at the same time, but under ordinary conditions the 
load would not average more than 5 B.H.P. at the machines 
for the full time the plant was running, say the usual fifty-six 
hour working week. 

It may fairiy be assumed, that with the gas engine drive, 
90 ft. of shafting would be required, but that with the 
machines arranged, in say four groups, the length of shafting 
can be reduced to a total of 60 ft. The average size of 
the shafting in the case of all the power being transmitted 
from one point will be 2J in. diameter, and in the case of 
the four motors 2 in. diameter. 
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The comparison can be made between driving the works — 

(A) From a gas engine installed at one point ; 

(B) From an electric motor installed -in place of the 

gas engine, no other change being made in the 
driving arrangements ; 

(C) From four electric motors placed at suitable 

points, each driving a length of shafting. 

In the case of the single power unit, when all the power 
has to be transmitted along the shafting from one point, 
experience teaches us that the loss may be anything between 
25 and 50 per cent, of the maximum power transmitted, or 
say 2^ B.H.P. 

This means that the gas engine or single m'otor must be 
capable of giving 12 J B.H.P. as normal full load, while the 
average load will be 5 B.H.P. plus the shafting loss, say 
7J B.H.P. at the engine or motor. 

In the case of the four short lengths of smaller shafting 
used with the four motors, it will be sufficient to allow 
2 B.H.P. for the shafting loss, so that each motor must be 
capable of giving 2^ + ^=3 B.H.P. as its normal full load. 

The approximate capital cost in the three cases would 
be:— 

A. Gas Engine Drive : — 

One 13 B.H.P. gas engine, 220 revolu- 
tions with flywheel, water vessel, pipe 
connections and necessary accessories, 
delivered on site - - . . ^90 

Foundations for above engine and cost of 

fixing and connecting togas and water 18 

90 ft. of 2i in. steel shafting, with all neces- 
sary hangers and bearings, pulleys and 
belting, delivered and fixed, say - 54 



Total ;^162 
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. Electric Drive with Single Motor : — 
One 13 B.H.P. motor, speed about 900 
revolutions per minute, complete with 
starting resistance, main switch, and 
fuse, and all necessary accessories - ^10 
Allowance for fixing motor, the necessary 
wiring in steel conduit and all con- 
nections, say 8 1 

90 ft. of 2J in. steel shafting with all 
necessary hangers, bearings, pulleys, 
and belling, delivered and fixed, say- 54 



Total £,n2. 10 



C. Electric Drive with Four Motors: — 
Four 3 B.H.P. motors, about 1,200 revolu- 
tions per minute, complete with 
starting resistance and main switch 
and fuse at, say, ^32 each - -;6'128 
Allowance for fixing motors, the necessary 
wiring in steel conduit and all con- 
nections, say 22 

60 ft, of 2 in. shafting, with all necessary 
hangers, bearings, pulley5,and belting, 
delivered and fixed, say - - ■ 30 



The relative costs of installation would therefore be : — 

Gas engine '..... ^i62 

Electric drive {single motor) - - 132 10 

Electric drive (four motors) - - 180 

Working Costs. 

A. Gas Engine Drive. 

The average load to be provided for at the engine will be 
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the 5 B.H.P. required at the machine plus the 2^ B.H.P. 
lost in the shafting, or a total of 7^ B.H.P., the engine 
working at practically 60 per cent, of its normal full load 
for fifty-six hours per week. 

The gas consumption per B.H.P, hour under these 
conditions will be about 25 cub. ft. per B.H.P. hour. 
The number of B.H.P. hours will be 1 — 

75 X 56 = 420 B.H.P. hours per week. 
The engine will require, say, a gallon of oil for each 
twenty hours of working, and the shafting bearings about 
I gallon per week, or a total of, say, 4 gallons per week. 
The weekly cost of working will be : — 
Gas, 420 B.H.P. hours at 25 cub. ft. per 
B.H.P. hour = 420 x 35 = 10,600 cub. 
ft., at 2s, per 1,000 cub. ft. - - i^l I 
Oil, 4 gals, at Is. 8d. per gal. - - - 6 8 
Water, say 3,000 gals, at 6d. per 1,000 gals. 1 6 
Labour, say one man to attend to engine 
and lubricate shafting, say one-third 
time at ;£\. 2s. per week - 7 4 

Allowance for Repairs, say one week 
at rate of 3 per cent, per annum on 

;£162. Os. Od. 19 

Allowance for Interest and De- 
preciation ON Capital Outlay, say 
one week at rate of 10 per cent, per 
annum on ;^162. Os. Od. - ■ - 5 9 
Total - ;^2 4 



S. Electric Drive with One Motor. 

The load to be provided for will be the same as for the 

gas engine since the shafting losses are the same ; the motor 

will be loaded on an average to 60 per cent, of its full load 

output, and the efficiency may be taken as about 85 per 
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cent, Under these conditions the number of units of energy 
required to be purchased will be : — 

7-5 X 56x1,00x746 „„„ „ .^ „cn ■. i 

— — ■ . . =368-6 units, say 369 units per week. 

The weekly cost of working will be : — 

Energy, 369 units at Id. per unit - - ;£■! 10 9 

Oil for Motor, say ^ gal. + Shafting, 1 

gal. = I J gals, at Is. 8d. per gal. - 2 1 

Proportion Attendance, Oiling 
Shafting, Examining Motor, &c., 
say one hour per day = six hours at 
22s. per week 2 4 

Allowance for Repairs, say one week 
at rate of 3 per cent, per annum on 
^132. 10s. Od. - - - - 16 

Allowance for Interest and Depre- 
ciation on Capital Outlay, say 
one week at rate of 10 per cent, per 
annum on ;^132. lOs. Od. - - 5 1 



Total 



C. Electric Drive with Four Motors; 
The average load at the machine is 5 B.H.P. for the 
whole of the fifty-six working hours, and the shafting losses 
are assumed to be 2 B.H.P., so that the load on the motors 
is 7 B.H.P., spread over the whole period of working of 
fifty-six hours. The motors are working with an average 
load of about 60 per cent, of normal full load, with an 
average efficiency of, say, 80 per cent. 

Under these conditions the number of units to be 
purchased each week will be :^ 
7 X 56 X 10 X 746 _ 
80 X 100 



- = 365-5, say 366 units per week. 
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The weekly cost of working will be r — 

Energy, 366 units at Id. per unit - - ;^1 10 6 

Oil for Motors and Shafiing, say 3 gal. 

at Is. 8d. pet gal. - ■ - - 13 

Proportion Attendance, Oiling 
Shafting and Examining Motors, 
say four hours at 22s. per week - 17 

Allowance for Repairs, say one week at 

rateofSpercent. perannumon^lSO 1 11 

Allowance for Interest and Depre- 
ciation Charges on Capital Out- 
lay, say one week at rate of 10 per 
cent, per annum on ;^180. Os. Od. - 6 U 
Total - £fi 2~2 

While the price paid for electric energy is only Id. per unit, 
the average total cost per unit, including proportion of at- 
tendance, repairs, and interest and depreciation chaises, is: — 
In the case of the single large motor 
£,% Is. 9d. , „- . 
^^169 -l'35d. per unit, 

and with the four motors 
;£2. 



= l'38d. per unit. 
The relative costs of working are therefore :— 
A. Gas Engine — 



56 
9'43d. per hour. 

B. Electric Drive with Single Motor — 

/-« , nj r^2. Is. 9d. 

;£2. Is. 9d., or an average of -^ ^ = 

8-95d. per hour. 

C. Electric Drive with Four Motors— 



£% 2s. 2d., or an average of ^^" ^^' ^^- 



56 

9-OOd. per houi 
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It will be seen froni the above tables that so far as direct 
cost goes there is not much difference between the three 
methods ; that the gas engine drive is slightly the dearest, 
the other two methods being for these conditions practi- 
cally the same. 

If, in some departments, overtime has to be worked, 
the advantage of the subdivided electric drive is shown 
at once 

Assuming, that in one department with a load of 1 B.H.P. 
at the machines, it is necessary to work late for two hours 
per night, the extra cost would be, neglecting any further 
sum for interest and depreciation charges which are already 
allowed for : — 

A. Gas Engine Drive: — 

Gas, say 2 B.H.P. per night for machine 
+ 2J X 3 = 5 B.H.P. for shafting losses 
= 7 B.H.P. hours per night five nights 
per week = 35 B.H.P, hours at, say 
35 cub. ft. of gas per B.H.P. hour 
= 35x35=1,225 cub. ft. at 2s. per 

1,000 cub. ft. ^0 2 5 

Oil, say J gal. at Is. 8d. per gal. - - 10 
Water, say 500 gals, at 6d. per 1,000 gals. 3 
Attendance, one man ten hours at over- 
time rates = ten hours at 22s. + 25 

percent 4 11 

Allowance for Repairs for extra hours 

ls.9d. xlO „ „ , 

ofrunmng, say ^ , say - i 

Total - ^0 8 9 
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. Electric Drive with Single Motor : — 

Energy, say 1 B.H.P. at machines + 
2J B.H.P. to drive shafting = 
3-5 B.H.P. for two hours per night 
for five nights during week = 3'5 x. 
2x5 = 35 B.H.P. hours per week. 
Motor efficiency, say 72 per cent. 

35 X 100 X 746 „„ „ . 
""■^^" 72x1,000 =^^-^"""^- 
say 37 units at Id. per unit - - j^Q 3 1 

Oil, say, for shafting, J gal. at Is. 8d. 

per gal. 5 

Attendance, Foreman in charge to turn 
off switch when work finished - 

Extra Allowance for Repairs, say 



Is. 



kW 



56 



£0 3 9 



10 
. Electric Drive with Four Motors : — 

Energy, only one of the four motors will 
be required .■. Load=l B.H.P. at 
machine -h} B.H.P. for that part of 
shafting =1^ B.H.P. for two hours 
per night five nights during week 
= 1-5 X 2 X 5 = 15 B.H.P. hours. 
Motor efficiency, say 75 per cent, 
., .. 15x100x746 , , „ ., 
^"'"= 75x1,000 =^^-^""^'^- 
say 15 units at Id. per unit 

Oil for shafting, say ^ gal. at Is. 8d. 
per gal. .-..-. 

Carried /onfard 
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Brought forward - - £<i 1 6 
Attendance, Foreman in charge to turn 

off switch when work finished - 
Extra Allowance for Repairs, say 

ls.lld. xlO „ „ „ 

—56 ''^J" - - ■ ■ 3 



Total - ;^0 1 9 

Or an average of — ;i^^= 21d. per hour. 

It is when working at light loads, that the advantages of 
the electric motor, with its posMbility of reducing shafting 
losses, and avoiding the lai^e gas consumption per B.H.P, 
hour, are roost marked. 

The comparative costs of the ten hours' extra working of 
one section of the works is therefore : — 

A. Gas Engine Drive - 8s, 9d, or 10-5d. per hour. 

B. Electric Drive with 

Single Motor - - 3s. 9d. „ ' 4-5d. „ 

C. Electric Drive with 

Four Motors - - Is. 9d. „ 21d. „ 
In the abnve comparison no allowance has been made 
for other advantages than the actual cost of installing and 
working. The motors occupy far less floor space than the 
gas engine, are quieter in working, and give a freer hand in 
arranging the machines. Since they need only be placed in 
groups, the convenience of the work to be done can be 
studied to a far greater extent than if the position of all the 
machines were governed by their proximity to a single source 
of power, or length of shafting. 

The electric motor is also less liable to break down, It 
is a rare thing for a public supply to be interrupted, and 
should any defect develop in one of the motors, it is an easy 
matter to replace the motor, stopping only the section of 
the shafting which it drives, while, if anything happens to 
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the gas engine or large motor the whole of the machinery is 
stopped till the repair is effected. The full -benefit of this 
freedom from anxiety from stoppage of work is only fully 
realised when a break-down occurs during a specially busy 
period. At such times the question of even a small increase 
in the cost of electric driving, if that were the case, is felt to 
be far outweighed by the certainty of the supply and the 
reliability of the motors. 

In this case the full benefits of the electric drive have not 
been taken advantage of. The machines have been assumed 
to be divided into four groups, and shafting has been allowed 
for each group. Greater efiSciency apart from first cost, would 
have been obtained had separate motors been attached to 
each tool and intermediate shafting entirely dispensed with. 
In the equipment of large engineering shops, separate 
motors for each tool are often advantageous, but in a case 
like the present, the proportion of the interest and de- 
preciation charges on the extra outlay would more than 
counterbalance the saving on the power bill. 

It would be possible to work out in detail a large number 
of cases, but they would all go to prove, that, in the case of 
small power users, that is, where the average power required 
is below 6 or 8 B.H.P., electric power at any price below 
IJd. per unit is preferable to gas engines, using gas bought 
at 2s. 6d. per 1,000 cub. ft., and that as the power required 
decreases in amount, or becomes more intermittent as to the 
period during which it is used, the advantages of the electric 
drive become more pronounced. If what may be termed 
the collateral advantages, such as saving of space, freedom 
from worry, and general convenience, are taken into account, 
the allowable price for electric driving will be correspondingly 
increased. 
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CHAPTER Vri. 

INDEPENDENT GENERATING PLANTS- 
OIL AND GAS ENGINE PLANTS. 

The Manufacturer's Real Work— ^^hoice between Purchase of Enei^ 
and Independent Generating Plants— Typical Works' Installations 
— Coa!-Gas Engine Plant— Oil Engine Plant— Suction Gas Engine 
Plant— Conditions of Economical Working of Suction Gas Pro- 
ducers—Working Costs of Oil and Suction Gas Plants— Pressure 
Producer Gas Plants — La^e Works' Installation — Cost of Working 
with Pressure Producer Plant — Recent Improvements in Pressure 
Producers. 

There are several reasons which cause manufacturers anii 
works' managers to consider favourably the installation of 
separate generating plants on their own premises. One 
of these, is the natural feeling that it is well to concentrate 
as much as possible under their own control, all processes 
connected with their special manufactures ; another is the 
thought, that by so doing they are increasing their own 
independence ; and a third is the promises which are held 
out to them of the low cost at which they can generate 
energy themselves, compared with that at which it is offered 
to them by outside authorities. 

The first of these reasons is largely based on a mis- 
conception of the true function of a manufacturer, It is 
now becoming general practice for a manufacturer to carry 
out on his own premises, only those processes which he can 
do better and cheaper than others, and to purchase as his 
raw material not merely the rough metal usually associated 
with that term, but also, all partly manufactured goods, 
which other specialists can produce better than he can 
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himself. He is therefore, able to concentrate his attention 
on the work he can do best, and thus employ his capital 
to the best advantage. On this ground, there is niuch to 
be said against locking up in electrical generating plant a 
large sum of money, if it is possible to purchase electric 
energy at a reasonable rate from an outside source. The 
money thus sunk could be invested in a far more profitable 
manner in extending the works, or improving the plant. As 
the manufacturer confines his activities to those channels 
in which he is a specialist, he is more and more likely to 
succeed. 

The second reason has only to be clearly stated lo refute 
itself. Modern conditions make all so interdependent upon 
others that the provision of a separate electrical generating 
plant, if driven by a gas engine, only moves the dependent 
stage one step back, namely, from the central station 
engineer to the gas engineer, and if other prime movers 
are employed, to those engaged in their manufacture and 
maintenance. 

The third reason needs careful examination. Recent 
improvements in alt classes of machinery have so reduced 
the cost of power, that it has become a question of condition 
of working rather than anything else, as to what system is best 
to adopt in any particular case, or whether electric energy 
should be purchased from an outside source. 

The would-be purchaser of electrical generating plant has 
a wide choice. As soon as he ventilates his wishes he is 
waited on by a number of zealous representatives of manu- 
facturing firms, who offer him steam plant, oil engine plant, 
or gas engines, supplied either by town's gas, or producer 
gas made in either suction or pressure gas producers, and 
all ui^e him to adopt the best and most economical plant 
made, namely, their own, A number of carefully worded 
statements as to costs of working are produced, and it is 
often a difficult task to decide whether any of the plants 
offered are really suitable for the required purpose. 
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Classifying the various methods, it is found that for large 
outputs and requirements, the choice lies practically hetween 
steam and pressure producer plants, while for small outputs, 
oil engines, town gas engine plants, and suction gas engine 
plants each hare special advantages to urge, and dis- 
advantages to minimise. 

The gas engine supplied with town's gas is more of a 
rival to the electric motor for driving the works machinery, 
than a claimant for consideration as a prime mover for the 
works dynamo. It has many good points in its favour. Its 
mechanical design is good, and its calorific efficiency high, 
as even in ordinary sizes of 15 or 20 B.H.P. output they 
often only require 17j to 20 cub. ft. of ordinary town gas " 
per B.H.P. hour, or about 26 to 29 cub. R. per kilowatt 
hour working at full load. This means about 20 per cent 
to 23 per cent, heat efficiency, and compares very favourably 
with steam plant. It must, however, be remembered that 
the amount of gas required for the engine is not in any sense 
directly proportional to the output, as at light loads the 
amount of gas required per B.H.P, rapidly increases, so that 
the average amount with a varying load may easily be half 
as much again per B.H.P. hour as the figure given above, 
or if the engine valves are not in good order, considerably 
more. 

In comparing the relative costs of town gas, suction gas, 
oil, and steam for a small generating plant, it will be con- 
venient to take the conditions assumed in Chapter V. when 
considering the effect of load factor on the cost of producing 
electric energy. 

Here motors to an aggregate of 45 B.H.P. capacity were 
installed in a factory, representing an approximate load, when 
all running, of 40 KW. at the generating plant, and the 
costs of working a town gas supplied gas engine plant at 
four different load factors were considered. For our present 
purpose only one of these plant load factors need be taken, 
and perhaps the best course will be to assume that the 
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generating plant works at an average of half load throughout 
the fifty-six hours of a working week, or has a plant load 
factor of 50 per cent. 

A gas engine of the size required for this work would run 
at about 160 revolutions per minute, and would be fitted 
with an outside bearing and a heavy fly-wheel to minimise 
the cyclic variation in speed caused by the fact that in the 
single cylinder gas engine working on the Otto cycle there 
is only one impulse every two revolutions. 

The engine requires substantial foundations, and also pipe 
connections from the gas supply as well as for the exhaust 
to atmosphere, and for connecting the water-cooling tanks 
to the water supply, and the engines to the drains. The 
dynamo would be belt-driven and run at about 800 revolu- 
tions per minute, and the switchboard would have fitted on 
it the necessary main switches and fuses, the circuit switches 
and fuses, and a voltmeter and ammeter for indicating the 
load on the dynamo. It would also be advisable to include 
an electricity energy meter, so that the total power used 
each week can readily be ascertained. 

This plant would need a floor space of about 8 ft. 6 in. 
by 24 ft., and, as already stated, would cost about £5G0 to 
instal. Working for fifty-six hours per week at an average 
plant load factor of 50 per cent., that is, half load with 
ordinary town gas, the number of units generated per week 
would be (as shown on page 114, Chapter V.) 1,120 units, 
and the cost of working, say, J^T. 5s. 2d. per week, or an 
average of l-55d, per unit generated. 

This figure assumes average working conditions and an 
intelligent man in charge of the plant. It should be possible 
to slightly reduce the gas consumption, as well as the allow- 
ances for oil, stores, and repairs, while any improvement in 
the plant load factor is redecled in the reduced cost per unit 
generated, as shown in Fig. 50, page 116. It is important 
to see that gas engines are periodically cleaned if good 
average results of working are to be obtained. 
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Oil engines are now made for this output which have 
proved thoroughly reliable in actual work. They are, how- 
ever, more expensive for equal outputs than ordinary gas 
engines, and require more attention to keep the working 
parts thoroughly clean. They are useful in places where 
town gas is not obtainable, and where suction gas is objected 
to, and with oil at present prices, they compare favourably 
as regards costs of working with other prime movers. They 
are often used for isolated country house installations, where 
coal-gas is not available for supplying an ordinary gas engine. 

For outputs up to 6 or 8 KW., oil engines of high 
speed vertical type, with two or three cylinders, are made 
suitable for direct coupling to dynamos mounted on the 
same bedplates, and these plants will often be found very 
useful. They are very compact, can, if necessary, be easily 
moved from place to place, and are, of course, quite 
independent of any gas supply or special gas generating 
apparatus. 

For lat^e outputs the Diesel type of oil engine, which has 
been introduced into this country from the Continent, has 
in several cases been successfully employed for driving 
dynamos supplying tramway systems. They use little oil for 
fuel, and though the amount of oil required for lubricating 
is in some cases high, the total cost of working may, under 
ordinary conditions, be kept low, especiaUy if the plant 
is kept fully loaded. They are, however, complicated in 
design, and at the present time their first cost in small units 
is very high. 

The approximate cost of an oil engine plant consisting of 
two 30 B.H.P. oil engines, each driving through belting a 
20 KW. dynamo, together with the necessary accessories 
and water vessels, switchboard, and connections, would be 
about ;£800. As two sets are in this case allowed in order 
to minimise the inconvenience to the supply when repairs 
or cleaning are being carried on, it will be possible to work 
the plant at a higher plant load factor than if a single set 
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were used, though the other conditions of working remain 
the same. 

The oil consumption per B.H.P. hour at full load under 
test conditions would probably not exceed I pint of oil per 
KW, hour, or under working conditions say 13 pint of oil 
per KW. hour, and with care at three-quarter load the oil 
consumption per unit generated should not exceed 1'75 
pints. 

Working Costs. 
The conditions of working are : — 

Full load of plant - - = 40 KW. 

Number of units and size - =Two 20 KW. sets. 

Average load - - - = 20 KW. 

Working hours per week - = 56. 

Units generated per week - =20x56 = 1,120 units. 

Plant load factor ■ - - = say 75 per cent. 
The weekly cost of working is :— 



Cost. 



Oil, 1,120 units at average of 
„ . . .. 1,130x1-75 
If pmts per unit = -! - ■ ■-- 

= 2i5 gals, at 8J lbs. per gal. 
245 X 8-25 „ r D ■ 

— aiaio^^-^'onof R"^s'^" 

oil at, say, 45s. per gal. 
Lubricating Oil, say 1 gal. for 

ten hours' working per engine, 

say 12 gals, at Is. 8d. per gal. 
Water, say 4 gals, of fresh water 

per unit=l,120x4 = 4,480 gals. 

at 6d. per 1,000 gals. 
Waste, Stores, and Sundries, say 

Carried forward 



•>- 





6 


0-44 


1 








0-20 






7 


3 



0-02 
0-07 


3 


9 


9 


0-73 
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The weekly cost of working — continued. 





Cost. 


Pence . 
per Unil. 




^ s. d. 




Brought forward 


3 9 9 


0-73 1 


Labour, one man at 22s. 


1 2 


0-23 ! 


Allowance for Occasional 






Supervision . - - . 


5 


0O5 


Allowance foe Repairs, say one 






week at rate of 4 per cent, per 






annum on ;£800. Os. Od. ■ . - 


12 4 


013 


Allowance for Interest and 






Depreciation Charges on 






Capital Oittlay, say one week 






at rate of 10 per cent, per annum 






on £%m. Os. Od. - - - 
Total weekly cost 


1 10 9 


0-33 


6 19 10 


1-47 



The next class of internally fired engines are supplied 
with what is known as producer gas. This gas is made by 
passing a mixture of steam and air over incandescent 
carbon, usually in the form of heated anthracite. It has 
about one-quarter the calorific value of coal-gas, but is 
found in practice to be very suitable for gas engine work. 
The name of Mr J. E. Dowson is closely associated with 
the introduction of producer gas plants in this counlry, and 
what are termed pressure producers have been made by his 
firm for many years. In fact, in many quarters this gas is 
commonly known as Dowson gas. 

In Dowson producers anthracite coal is used, and the 
slight pressure needed in the apparatus is obtained by 
forcing a jet of steam into the producer, thus producing a 
strong draught of mixed air and steam. This steam is 
usually obtained from a separately fired boiler, though, in 
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many cases, a saving in fuel can be effected by making use 
of the heat contained in the gases, when they leave the 
producer, to generate the necessary steam. With these 
pressure producers a small gasholder is provided to equalise 
the pressure of the gas entering the engine, since the supply 
of gas by the producer is continuous, and the requirement 
of the gas engine intermittent, one cylinder charge only 
being required for every two revolutions of the engine. 

Within the past few years a modification of this apparatus, 
termed the suction gas producer, has come largely into use, 
in which the gas is made as required for use, by the mixed 
air and steam being drawn over the heated anthracite by the 
suction of the gas engine itself, and so dispensing with 
the need for any gasholder. Such producers are con- 
venient and very efficient if worked at or near full load 
output. 

Their general type is shown in Fig, 51, which represents a 
standard form of suction gas producer made by the Dowson 
Economic Gas and Power Co. Ltd. The generator, which 
is shown on the left of the illustration, is, in its lower 
part, lined with firebrick, and filled above the grate with 
small pieces of anthracite. The hopper at the top of the 
generator has a double door to prevent escape of the 
poisonous gases produced while the generator is working. 
A mixing chamber for air and steam is provided round the 
generator. Air passes through this chamber on its way to 
the generator, and is mixed with steam produced by the 
vaporisation of the water, which is sprinkled from the 
perforated water pipes carried round the mixing chamber as 
shown in the illustration. 

The mixed air and steam pass under the grate and 
through the fuel, when chemical actions take place between 
the heated carbon of the anthracite fuel and the mixed air 
and steam, the final result of which is the formation of the 
mixture of gases known as producer gas. This passes away 
from the generator, as shown by the arrows in the diagram, 
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Fig. 51. — Diagram of " Dowson" Suction Gas Producer Plant. 
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into the bottom of the second vessel, which is known as 
the coke scrubber. This is filled with small pieces of coke 
kept cool by the passage of water supplied by the sprinkler 
at the top. 

In passing through the scrubber the gas is cooled and to 
a small extent cleaned. 

From the scrubber it passes direct to the gas engine. 
The pipe shown between the generator and scrubber is 
a bye-pass to the atmosphere which is kept open when 
starting, but after work has been commenced, the connecting 
valve is closed, and all the gas made passes through the 
scrubber. The band blower fan is used to produce a 
draught sufficient to thoroughly incandesce the mass of 
anthracite when starling. During the time the producer is at 
work, the heat given off by the various chemical actions 
taking place is sufficient to keep up the temperature of the 
mass of fuel. 

The special feature of this type of plant is that the gas is 
made as required, and no storage is required. The name, 
suction producer, has been given them, because as soon as 
the engine slows down or stops, the flow of gas through the 
apparatus is either retarded or stopped too, and only suffi- 
cient new gas is made to make up for the quantity used. 
There is no outward pressure from the producer tending to 
force the poisonous producer gas into the air, since the 
tendency is for the air to leak into the generator, and this 
is a very valuable practical feature. 

These producers only require a small floor space ; they 
should, of course, be placed outside the main building. 
A 100 H.P. plant can be got into 15 ft. xll ft. floor 
space. 

It is not necessary here to follow the various chemical 
actions which go on in the generator. The entering gases 
consist principally of oxygen, nitrogen, and steam. In 
contact with the heated carbon, the steam is dissociated into 
hydrogen and oxygen, the oxygen — both that present in the 
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admitted air, and that obtained from the dissociated steam 
— combines with the carbon to form carbonic acid gas, 
the greater part of which is, in presence of the glowing 
fuel, decomposed with the production of carbonic oxide 
gas. 

Both hydrogen and carbonic oxide gas are valuable gases 
for use in gas engines, the nitrogen and what free carbonic 
acid there may be left, acting simply as diluting agents. It 
is necessary to mix air with the producer gas on admission 
to the gas engine cylinder in order to obtain an explosive 
mixture. The products of combustion are, of course, steam 
and carbonic acid gas, which with the nitrogen — partly from 
the admitted air, and partly that present in the producer 
gas — must be exhausted into the atmosphere at a point 
quite clear of the workshop. 

It is well to remember that while carbonic acid gas is 
dangerous to life when present in excess because of its 
depressing effect, carbonic oxide gas is an active poison 
acting directly on the blood. Great care must therefore be 
taken to prevent, either during the starting or working period, 
any escape of gas into the room or workshop, and means 
for dealing with accidental cases of carbonic oxide poisoning 
should always be at hand. 

The composition of the gases made by different plants 
vary within fairly wide limits, and even the gas from the 
same producer is affected as to heat value and composition 
by the conditions of load. 

Thus in a 40 B.H.P. suction type producer working with 
gas coke instead of anthracite, Mr J. E. Dowson found the 
gas produced, when the engine was working at full and light 
loads respectively, varied as follows : — 



DigiLizedbyGoOglc 



OIL AND GAS ENGINE PLANTS. 





Per Cent, by Volume. 


Full Load. 


Light Load. 


Carbonic oxide gas, CO - 
Hydrogen, Hj 
Carbonic acid gas, CQ^ - 
Oxygen, Oj - 

Nitrogen, N^- - - 


37-65 

9-85 
3'80 
0-30 
58-40 


22-40 

7-00 
4-90 
0-50 
65-20 


100-00 


100-00 



128-90 



101-00 



HeatvalueofgasinB.Th,U.) 
per cub. ft, - - I 
There is a considerable difference, too, between the heat 
value of the gases made in suction plants, as compared with 
pressure plants. Thus the following figures, also given by 
Mr Dowson, show the relative values of the above 40 B.H.P. 
suction plant and a similar sized pressure gas plant, both 
using anthracite and both having the advantage of a hot 
start :— 





Per Cent, by Volume. 


Suction Producer. 


Pressure Producer. 


Carbonic oxide gas, CO - 
Hydrogen, Hj 
Carbonic acid gas, CO^ - 
Oxygen, 0, - 
Methane, CH^ - 
Nitrogen, Nj- 


20-13 
15-64 
6-09 

0-74 
1-16 
56-24 


23-80 
19-80 
6-30 

1-30 

48-80 


100-00 


100-00 



Heat value of gas inB.Th.U. ) t)i^-^o 
per cub. ft. - - I 
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The heat value of the suction producer plant varies at 
full load between about 126 B.Th.U. and 138 B.Th.U. per 
cub. ft., and at light loads falls to about 100 B.Th.U. per 
cub. ft.; on the other hand, the composition of the pressure 
producer gas remains at varying loads more constant, and 
would be, if 164 or 165 B.Th.U. per cub. ft. at full load, 
probably not less than 145 or 150 B.Th.U. at light load. 
It follows from this that for suction gas the output of a 
given gas engine will be less than if pressure gas is used. 
In practice a mai^n of about 10 per cent, is allowed as the 
difference between the two gases. 

Since ordinary town gas generally has a heat value of 
about 600 B.Th.U. per cub. ft., it is necessary to pass four to 
five times the amount of producer gas through the engine 
than of coal-gas. The cylinders for a given output must be 
larger and the ports and valves specially designed to get the 
best results with the increased flow of gas through them. 

It will also be evident, that the amount of air necessary 
for complete combustion must vary with the composition of 
the gas. As the engine valves are set to regulate the gas 
and air admissions for a fixed composition of gas, it means, 
that with the heat value of the gas varying within 20 to 25 
per cent, limits, that is, from 135 B.Th.U. to about 100 
B.Th.U., the efficiency of the engine at light loads must 
be low. 

It is not easy to determine the cost of working suction 
gas plants, since so much depends on the conditions of 
working and the manner in which the load varies. The 
standby losses are, however, very small compared with 

Taking for comparison a 40 KW. generating plant 
corre.sponding with that adopted for the town gas plant 
described in the last chapter, we find that the total cost 
of purchasing and fixing a plant consisting of suction gas 
producer, coke scrubber, all connections, gas engine of 
suitable size running at about 150 or 160 revolutions per 
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minute, belt-driven dynamo capable of developing as normal 
full load 40 KW. at about 800 revolutions per minute, all 
necessary accessories, switchboard, and dynamo connections 
will be about ^750, which compares with ^560, the 
approximate capital cost of a town gas driven plant of 
similar output. 

Large numbers of tests have from time to lime been 
made on suction gas plants to determine the fuel con- 
sumption. They show that worked at full load under 
test conditions the fuel consumption will be from 0-9 to 
10 lb. of anthracite per B.H.P. hour, or from 133 to 
1-50 lbs. of anthracite per KW. hour. At light loads this 
is considerably increased, and under varying conditions, 
with an average plant load factor of, say, 50 per cent., the 
fuel consumption of even a pressure producer plant is about 
2-75 lbs. per K.W. hour, and in this case with a suction 
plant it will be about 3-5 lbs. of anthracite per KW. hour. 

The other items of working cost do not vary much from 
a town gas driven plant, though, as the attendant has more 
to look after, he should be a more intelligent man, and his 
wages may well be 25s. per week instead of 22s. 

Working Costs. 

The conditions of working are ; — 

Full load of plant - - = 40 KW. 

Average load - - - = 20 KW. 

Working hours per week ■ — 56 hours. 

Units generated per week - = 20 x 56= 1,120 units. 

Plant load factor - - - = 50 per cent. 
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The weekly cost of working is : — 



Fuel, 1,120 units at an average of 
„- ,. . 1,120x3-5 

3-5 lbs. per un,t = ^^^^ 

= say IJ tons of anthracite at 

22s. per ton - . . - 

Oil, 1 gal. for twelve hours' run- 
ning, say 5 gals, at Is. 8d. per 
gal. 

Water for both engine and pro- 
ducer, say 6 gals, per unit = 
1,120x6 = 6,720 gals, at 6d. per 
1,000 gals. . - . - 

Waste, Stores, and Sundries, say 

Labour, one man at 25s. 

Allowance for Occasional 
Supervision . . . . 

Allowance for Repairs, say one 
week at rate of 3J per cent, per 
annum on ^750. Qs. Od. - 

Allowance for Interest and 
Depreciation on Capital Out- 
lay, say one week at rate of 
10 per cent, per annum on ^^750 

Total weekly cost - 



I 18 

8 4 

3 4 

8 6 

1 5 

5 

9 4 

1 8 10 



0-40 
0-09 

0-03 
0-08 
0-27 

0-05 
0-10 



The average cost per unit under these conditions is 
r35d. per unit, as compared with I'SSd. for town gas 
plant, and l-47d. for oil engine plant. 

For larger plants than, say, 100 B.H.P., it is usual to 
employ pressure producer gas plants, though it is quite 
possible Co use suction gas plants. In these plants the 
mixed air and steam is admitted to the generator under 
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several pounds pressure, and is thus forced through the 
hot anthracite. The same general chemical action takes 
place, the gas is richer in carbonic oxide and hydrt^en, and 
the calorific value is from 10 to 15 per cent, higher than 
the suction producer gas, while at light loads the variation 
in composition is much less. 

The boiler for producing the steam is usually distinct 
from the generator, the grate being arranged for separate 
firing. The fuel needed for this boiler is about one-fifth 
of that used in the producer, though it need not be of the 
same high quality. In some recent plants anangements 
have been made for passing the hot gases on their way from 
the producer to the coke scrubber through the boiler. This 
permits the separate firing to the boiler to be stopped when 
the plant is working, and effects a saving of from 10 to 15 
per cent, in the total amount of fuel required by the plant. 

A small gasholder to equalise and regulate the supply 
of gas to the engine forms part of the plant, and in addition 
to the coke scrubber the gas is passed through layers of 
sawdust to complete the cleaning process. 

So long as anthracite is used as the fuel in these plants 
there is comparatively little trouble in getting clean gas 
for the engines, which is the important factor in successful 
working. If coke is used, the output of the producer is 
soinewhat reduced, and the gas contains a larger proportion 
of tarry matter, which must be eliminated in the cleaners, 
or trouble will be experienced in the engines. 

Pressure gas plants have in very many cases been in 
successful use for long periods, giving very little trouble, 
and requiring few repairs. Their higher heat efficiency 
over steam plants is a real advantage in places where fuel 
is dear, and the cost of transport of the fuel from the 
colliery is a l^rge proportion of the total cost. 

A case came under the writer's notice where a steam 
plant was shut down, and a pressure producer plant used 
to supply the same load. The fuel consumption fell to 
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nearly one-third ; the steam plant was, however, not working 
under very favourable conditions. 

A test taken over six hours of a. plant consisting of a 
150 KW. gas engine and Dowson producer, using anthracite 
coal, gave an overall heat efficiency of 17'5 pet cent., from 
fuel to switchboard, while with steam plant of equal size 
worked under similar conditions it would be difficult to 
exceed 9 to 95 per cent. 

It will be interesting to compare the costs of working 
by steam plant and a pressure producer plant under the 
following conditions : — 

In a large works fully equipped with electric motors the 
average motor load is 400 B.H. P. during the day, and say 250 
B.H.P. during the night. The maximum load is 600 B.H.P. 

Allowing 15 per cent, for losses, these figures represent 
approximately 350 KW. as the average load during the 
day, 200 KW. as the average night load, and 530 KW. as 
the maximum load. 

It would be well to instal for this load three units, each 
of 250 KW., two of which would be able to supply, when 
working slightly overloaded, the maximum load, the other 
unit being spare. 

These engines might well be of the three-crank vertical 
high speed type directly coupled to their dynamos. 

Two producers should be installed, each capable of 
making sufficient gas to work two gas engines at full load 
at the same time, and it will also be necessary to provide a 
small gasholder for regulating purposes, and ample cleaning 
apparatus to ensure clean gas. 

The capital cost of such a plant fixed complete with all 
necessary accessories, including switchboards and connec- 
tions, and the provision of a plain engine house and a roof 
over producers would be about ^£16,000. 
Working Cost. 

The conditions of working are : — 

During a twelve-hour day, namely from 6 a.m. to 6 p.m., 
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the average load is, say, iOO B.H.P., or 350 KW., and 
during the night, say, 250 B.H.P., or 200 KW. The works 
are shut down from 12 noon Saturday till 6 a.m. Monday. 

The weekly load is therefore : — 
Daywork. — 



Monday to Friday 
Saturday morning 

NlGHTWORK.— 

Monday to Friday 


350x12x5 = 21,000 units. 
- 350x6= 2,100 „ 

200x12x5 = 12,000 „ 




Total 35,100 units. 



which corresponds to an annual output of 1,825,200 units. 

Taking the maximum load as 530 KW. the load factor 

. 35,100 X 100 , . ,-0 t. . . 1 L r u 

'^ ~K^n — ■ (smce 168 = the total number of hours per 
5oO X loo 

week) = 39-40 per cent., say 40 per cent. 

The plant load factor depends upon the number of hours 
one or two sets are run, but they should be higher than the 
load factor, since during the day two sets would be about 
two-thirds loaded, and during the night one set would be 
even better loaded. 

On a full load test run of such a plant the fuel consumption 
should not exceed IJ lbs. of anthracite per KW. hour, and 
for the working conditions under consideration 2J lbs. of 
anthracite per unit should be sufficient. 

The producer plant and gas engine both require a good 
deal of water, part of which in the case of the gas engine is 
recoverable if cooled. For getting at a cost figure it will be 
fair to allow 5 gallons of fresh water per unit. 

The engines have three cylinders, and require, of course, 
more oil than the single cylinder engines we have hitherto 
considered; 2 pints of oil per hour, or 1 gallon for four 
hours, will be an .average amount to allow. 

The weekly cost of working would, under the above 
conditions, be approximately : — 
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Fuel, 35,100 units at 2 J lbs. of 
r , . 35,100x2-75 

fuel per unit = — ' ^ — , say 

43J tons of anthracite at 22s. per 
ton 

Oil, say equivalent of one engine 
working two hundred hours, and 
requiring 2 pints of oil per hour 

= — g =50 gals, of oil at Is.od. 

4 3 4 
2 10 



per gal, - , . - . 
Waste, Stores, and Sundries 
Water, say 5 gals, of fresh water 
per unit = 35,100x 5 = 177,500 
gals, at 6d. per 1,000 gals. - 
Labour — 

One engineer - ;^5 

One assistant - - 2 10 
Twofitterdriversat35s. 3 10 
Two drivers at 25s. - 2 10 
Four producer pknt 

attendants at 22s. - 4 8 

Repairs— 

Say one week at rate 

of 3J per cent. 

per annum on 

^12,000 - ^8 17 
Also one week at rate 

of '2 per cent, per 

annum on £ifiOO 1 10 9 

Allowance for Interest and 
Depreciation on Capital 
Outlay, say one week at rate 
of 10 per cent, per annum on 
^16,000. Os. Od. 



Total weekly cost 



003 

0-02 



- 116 19 4 O-M 
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This figure of 0'80d. per UDit should be attained in 
actual practice, the allowances made being ample for care- 
ful working. Were it possible to increase the load factor of 
the 530 KW. to 75 per cent, during the working period 
of one hundred and twenty-six hours per week, the units 
required would be 50,085 per week, the weekly cost of 
working would be ^132. 10s., but the cost per unit would 
be reduced to 0-64d. per unit. The actual load factor 
calculated over the whole one hundred and sixty-eight 
hours of the week would then be : — 

50,085x100 ,„ „„ . u- u -.u 

' — — 3— = 56'23 per cent., which compares with 
SoO X lt»B 

the 40 per cent, of the lower output. 

It should be noted that whenever the load factor falls, the 
costs per unit rapidly increase. 

Many attempts have been made, some of them with 
marked success, to modify the gas producer, so that cheap 
bituminous fuel may be used in place of expensive anthracite. 
The employment of this material as fuel in an ordinary pro- 
ducer causes the gas to contain a good deal of tarry matter 
which it is difficult to entirely get rid of. 

Dr Mond, who has done much towards perfecting the 
bituminous fuel producer, mixes the air before admission to 
the generator with about two and a half times its weight of 
steam. He also uses the heat which he extracts from the 
hot gas leaving the generator to heat up the mixed air and 
steam before admitting it to the producer generator, thus 
increasing the efficiency of the plant. The result of the 
presence of such a large quantity of steam is that the 
temperature of the fuel in the generator is kept comparatively 
low, and that the nitrogenous matter present in the coal 
forms, with the hydrogen obtained from some of the decom- 
posed steam, ammonia gas, NH^. In an ordinary producer 
this gas would be destroyed as fast as produced, but in the 
Mond process the temperature of the producer is kept below 
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that of dissociation of the ammonia, and it passes over with 
the other gases. Only about one-quarter or one-fifth of the 
steam is actually used in the producer, the rest passes over 
with the producer gas, and is condensed in the coolers. 
The gas is washed by passing it through cooling towers 
down which dilute sulphuric acid solution flows. This 
removes all traces of the ammonia, which forms, with the 
acid, ammonium sulphate, a valuable bye-product, which is 
removed by crystallisation. In large plants as much as 70 
to 80 lbs. of ammonium sulphate per ton of fuel gasified is 
obtained, and the value of this material is such that it not 
only pays for the increased cost of the plant, but helps to 
reduce the cost of the fuel. The low temperature of the 
producer and the la^e volume of steam present in the 
producer result in the proportion of hydrogen gas being 
higher than with ordinary producer gas. 

An average analysis of Mond Gas, as it is often called, 
used in conjunction with ammonia recovery plant, is :— 





Per Cent, by Volume. 


Hydrogen, H^ - - - - 
Carbonic oxide gas, CO - 
Carbonic acid gas, COj - 
Methane, CH, - . - - 

Nitrogen, N^ 


25-00 
1200 
1600 
2-00 

45-00 


lOOOO 



Heat value in B.Th.U. per cub. ft. - about 142 B.Th.U. 

When this gas is used in gas engines, owing to the large 
percentage amount of hydrogen which passes into the engine 
exhaust in the form of steam, and therefore contains its 
latent heat, the effective heat value is about 10 per cent. 
lower, or say 130 B.Th.U. per cub. ft. 
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The cleaning process has to be very thoroughly gone 
through before the gas is fit for use in order to get rid of 
the car, which if present to even a small extent, clogs the 
engine valves and interferes with their proper working. 

Other workers in the same direction have adopted a 
different method. Instead of keeping the producer tempera- 
ture low, and working for a gas rich in hydrogen, they have 
endeavoured to get the gases so hot before leaving the 
generator that a large part of the carbonic acid gas (COa), 
which is present in Mond gas to the extent of 14 to 16 per 
cent., is dissociated, and the resultant gas is rich in carbonic 
oxide gas. This is generally done by reducing the amount 
of steam mixed with the air to that required for the chemical 
reactions, and arranging that the gases from the top part of 
the generator are taken to the bottom of the producer and 
sent a second time through the hot fuel before passing to 
the cooling and cleaning plant. This action to a large 
extent destroys the tar, and so lightens the work to be done 
by (he cleaners. 

An average composition of a gas made in this manner 
would be: — 





Per Cent, by Volume. 


Hydrogen, H^ ■ - - - 
Carbonic oxide gas, CO - 
Carbonic acid gas, CO3 - 
Methane, CH4 . . . . 
Nitrogen, Nj 


17-50 
27'50 
5-10 
1-50 
48-40 


100-00 



The calorific value of such a gas would be about 170 
B.Th.U, per cub- ft., and as the proportion of hydrogen is 
lower, its net value used for gas engine work is proportionally 
higher than with Mond gas. 
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It is with plants of the above types that the gas used in 
the increasing number of large gas engine installations in 
this country and abroad are made. When worked on a 
laige scale they are very etficient and economical, and 
present possibilities of further economies which make them 
serious rivals to Other forms of power producers. 
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CHAPTER Vin. 

INDEPENDENT GENERATING PLANTS- 
STEAM PLANTS. 

The usual Inefficiency of Works' Steam Engines — Typical Works In- 
stallalion of 40 KW., or, say, 55 B.H.P. Steam Plant— Cost 
of Working— Comparison with Oil and Gas Engine Plants of Similar 
Size-Largei Plant of 500 KW. with Spare Engine— Cost of In- 
stallation and Working— Comparison with Pressure Producer Plant 
—Larger Installation for Cotton Mill— Costs of Installalion, with 
and without Spare Plant— Costs of Working in the two Cases— Is 
Duplicate Plant Necessary ? 

The form of prime mover in most general use is the steam 
engine. In one or other of its varied types, it is to be found 
in all classes of works and factories. It perhaps reaches its 
highest efficiency and greatest economy in some of tlie mill 
engines of Lancashire and Yorkshire, and in the large 
generating units in various electricity supply stations in the 
country. In these places economical working is studied as 
a science, and excellent results are obtained as a matter of 
daily practice. 

It is, however, far otherwise with the ordinary works or 
taciory engine. It does its work, but at what cost no one 
inquires, and no one cares. Large sums are paid each week 
or month for fuel as a matter of course, and it is only when 
a proposed change of method of working is inquired into, 
and the actual cost of existing methods are worked out, that 
the waste is discovered. These remarks include the steam 
raising plant, one of the most important, but often one of 
the most neglected, parts of the works equipment. So long 
as the boiler passes its periodical inspection by the insurance 
authorities, little thought is given to it, the cheapest form of 
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labour is secured to look after it, and no care is bestowed 
on keeping the fuel costs low, or the boiler house clean and 
tidy, features which have more in common than appears at 
first sight. 

It will be well, therefore, to take two or three definite 
cases comparable to those chosen in the case of oil and gas, 
and see what the costs of working are, under certain definite 
conditions. The approximate costs under different con- 
ditions of working can then be very fairly estimated. 

The first case may well be that of the small works installa- 
tion of motors to a total of 45 B.H.P., requiring generating 
plant of a full load capacity of 40 KW. 

The output of the plant must be equal to the maximum 
load = 40 KW., while we may assume that the average load 
on the plant during the whole of the working hours is half 
the maximum, say 20 KW. The working hours are fifty- 
six per week. 

The steam plant would probably consist of a two crank 
high speed non -condensing engine, direct coupled to a 40 
KW. dynamo, together with a boiler either of the Lanca- 
shire or Cornish type. 

The capital cost of such a plant with a suitable steel 
chimney, feed water heater, feed pump, the necessary steam 
piping, switchboard and switchboard connections, would 
probably be about ;£1,050. With a simpler type of engine 
this cost might be reduced ;£150 or even ^^200, but the 
total working cost would be little affected, since the running 
and repair charges would be slightly higher in the case of 
the cheaper engine. 

No allowance has been made for buildings, since the 
engine and dynamo could be placed inside the workshop, 
and the boiler, if there is not a suitable place already in 
existence near the engine, would be placed as near the 
engine as possible, and a small building, or in any case a 
corrugated iron roofing, would be provided, and the cost 
added to the figure given. 
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Working Costs. 
The conditions of working are : — 

Full load of plant 

Average load . . . . 

Working hours per week - 

Units generated per week - = 20 

Plant load factor 
The weekly cost of working is : — 



165 



= 40 KW. 
= 20 KW, 
= 56 hours. 
= 1,120 units. 
= 50 per cent. 





Cost. 


Pence per 

Unil 


Fuel, say, including Banking losses 
and Lighting-up, 10 lbs. of coal 
per unit= 1,120 units at 10 lbs. 

coal at 9s. per ton 

Oil, say 3 gals, at Is. 8d. per gal. - 

Waste, Stores, and Sundries, say 

Water, say 6 gals, per unit = 1,120 
X 6 = 6,720 gals, at 6d. per 1,000 
gals. 

Labour, say equivalent of one man 
at 24s. 

Allowance for Occasional 
Supervision . - - . 

Allowance for Repairs, say one 
week at rate of 3 per cent, per 
annum on ^^1,050. Os. Od. 

Allowance for Interest and 
Depreciation on Capital Out- 
lay, say one week at rate of 10 
per cent, per annum on ^1,050 

Total weekly cost - 


C s, d. 

2 5 
5 
3 6 

3 4 

1 4 

2 6 

12 1 

2 4 


0-48 
0'05 
0-04 

0-04 
0-26 
00.^ 

0'12 
0'43 


6 15 9 1 1-45 

1 



Under these conditions, therefore, and at this output the 
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relative weekly working costs of the four principal methods 
of generating electric energy would be : — 





Total Weekly 
Cost. 


Cost per 


Gas engine supplied with town 

gas 

Oil engine plant 

Suction gas producer plants 

Steam engine plant - 


L s. d. 

7 5 2 
6 16 2 
6 5 10 
6 15 9 


■I- 

1-55 
1-46 
1-35 
1-45 



From these figures it will be seen that it depends largely 
upon the price of fuel as to whether town gas, suction gas, 
oil, or steam is the cheapest to use. In the above cases: — 
Town gas is taken at 2s. per 1,000 cub, ft. 
Oil „ 45s. per ton delivered. 

Anthracite „ 22s. „ „ 

Coal „ 9s. 

If the prices are increased to : — 

Town gas to - - 2s. 6d. per 1,000 cub. ft., 
Oil to - - - 50s. per ton delivered, 
Anthracite to - - 25s. „ „ 

Coal to - - - 13s. „ „ 

the costs become ; — 





Total Weekly 
Cost. 


unir 


Town gas plant - 
Oil engine plant 
Suction gas producer plant 
Steam engine plant - 


£. s. d. 
8 5 3 
7 8 

6 11 7 

7 10 3 


d. 

1-77 
1-50 
1-40 
1-61 



Speaking generally, in non-mining districts where the cost 
of carriage of coal greatly affects its price, the cost of town 
gas is correspondingly high; and oil and suction gas plants 
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have the advantage, viewed from the cost standpoint ; while 
in places where fuel is cheap, steam plants compare favour- 
ably with all other types of plant. 

Take next, the case of the large works plant supplied 
with electric energy from the pressure producer gas plant 
referred to in a previous chapter. The average motor 
load is 400 B.H.P. during the day, 250 B.H.P. during the 
night, and the maximum load is 600 B.H.P. 

With the usual allowances for losses, these figures represent 
about 350 KW, as the average load during the day, and 200 
KW.duringthenight, themaximum load being about 530 KW. 

The steam plant for such a works might well consist of 
three high speed vertical units, each of 250 KW. full load 
capacity, but capable of working with a 10 per cent, over- 
load. Two of these could supply the maximum load, 
leaving the other for spare, and at night one set running 
would usually be sufficient. The plant would work at 
say 150 lbs. pressure, with steam superheated at the boiler, 
say 100° Fahr., so as to ensure dry steam at the engine. 
The steam would be generated in say three boilers of the 
I^ncashire or water-tube type — preferably the former — and a 
fuel economiser, a boiler feed pump, and the usual accessory 
plants would be supplied. As a supply of water for con- 
densing is assumed to be available, either from a neighbour- 
ing pond or canal, two surface condensers, each capable 
of easily dealing with the exhaust steam from one 250 KW. 
set, are supplied, and the circulating water is pumped by 
means of an electric pump from the canal or pond. 

The cost of such a plant complete, including provision 
for a plain engine and boiler house, and a suitable steel or 
concrete chimney, would be about ;£15,000, the exact 
figure varying with the locaHty and the particular types of 
plant selected. 

This sum of ;^15,000 is equivalent to an outlay of ;£20 
per KW. of plant installed, and for this output it should 
be sufficient. 
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Mr A. D. Williamson, a few years ago, in a paper read 
before the Institution of Electrical Engineers, gave some 
interesting figures as to the total cost of the electrical gener- 
ating plants at the various works controlled by Messrs 
Vickers, Sons, & Maxim. 

At North Sheffield Works there was a steam plant of 
640 KW. capacity, the cost of which was ;^13,120, or 
;^20. 10s, per KW., and at Erith in Kent there was another 
steam plant of 600 KW. capacity, and that here the total 
cost was j^l3,500, or ^32. 10s. per KW. 

It will be noticed that both in this case and in that of 
the pressure gas producer plant for the same work, the 
spare pjant^one unit^forms a large proportion of the 
total plant, or one-half of the running plant This provi- 
sion is necessary in a works running day and night, where 
the effects of a stoppage might be very serious. Under 
other conditions the proportion of idle to working plant 
might be reduced, though it is always a great advantage to 
have only one size and type of plant, as it minimises the 
spares necessary to keep in stock, and simplifies the work- 
ing of the station. 

Working Cost. 

The conditions of working are the same as with the 
pressure producer plant, namely : — 

During a twelve hour day, say from 6 a.m. till 6 p.m., the 
average load is 400 B.H.P., or 350 KW., and during the 
night say 250 B.H.P., or 200 KW. The works are shut 
down from 12 noon Saturday till 6 a.m. Monday. 

The weekly load is therefore :-— 
Daywork. — 

Monday to Friday - =350x 12x5 = 21,000 units. 
Saturday morning - = 350 x 6 = 2,100 „ 

NlGHTWORK. 

Monday to Friday - = 200 x 12 x 5 = 12,000 „ 

Total =35,100 units, 
which corresponds to an annual output of 1,825,200 units. 
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Taking the maximum load as 530 KW., the load factor 

is -' iy^'.^y* (since 168 = total hours per week) = 39-40 per 
5oi) X loo 

cent., say 40 per cent. 

. Owing to the division of the plant into two running units, 

one of which is four-fifths loaded at night and the two about 

two-thirds loaded during the day, the plant load factor 

should be considerably higher than this 40 per cent. 

The coal consumption with this output and under these 
conditions should not exceed 5 lbs. per unit generated 
including all banking losses. It is said that at several of the 
lai^e generating stations in this country the actual coal con- 
sumption per unit generated on load factors of 25 to 30 per 
cent, is under 4 lbs. per unit, but in these cases the output 
is much larger, and it is possible to have a larger staff, and 
so to work them up to a higher standard of efficiency. 

The weekly cost of working under above conditions would 
be approximately : — 





<^- \^^ 


Fuel, 35,100 units at, say, 5 lbs. of 
coal per unit including all bank- 
inglo.s.s.??^-78-3.„„s, 

say 79 tons of coal at 9s. per ton 

delivered 

Oil, Waste, and Stores, allow, 

say, 005d. per unit - 
Water— 

Allow, say, 5 gals, of 
fresh water per unit 
= 35,100 X 5 = 
175,500 gals, at 6d. 
per 1,000 gals. £i 7 9 

Allowance for pump- 
ing condensing 
water, say - - 3 5 


35 11 

7 6 3 

7 12 9 


0-24 
0-05 

0-05 


Carried forward 


50 10 


0-34 
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Cost. 


-«•. 




per unii. 




^ s. d. ^ 


Brought forward 


50 10 0'34 


Labour— 




One engineer - ^4 10 






One assistant - - 2 10 






Two fitter driversat 35s. 3 10 






Two drivers at 25s. - 2 10 






Four stokers and 






labourers at 22s. - 4 8 








17 8 


012 


Repairs^ — 






Say one week at rate of 






3i per cent- per 






annumon;£12,000^8 1 7 






Say one week at rate 






of 2 per cent, per 






annum on ^3,000 1 3 1 


9 i 8 


006 


Allowance kor Interest and 






Depreciation Charges on 






Capital Outlav, say one week 






at rate of 10 per cent, per 




annum on ^^15,000 - - - 28 16 11 


0'20 


Total weekly cost - - :105 19 7 


072 



Some figures given on page 98 show that in this case the 
actual heat efficiency of the entire installation is only 4'26 
per cent. 

This figure of 0'72d. per unit compares with O'SOd. per 
unit in the case of the producer plant, but, as tt is only in 
mining dislricls that the coal could be purchased at (he 
price of 9s. per ton delivered, and each shilling difference 
in the price of coal per ton adds 0027d. to ihe price per 
unit, it only requires an increase of 3s. per ton in the case 
of coal without any rise in the cost of anthracite to equalise 
the cost of the two methods. 

In other words, so far as cost is concerned, the figures 
given show that for the stated conditions of working the 
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costs are the same when coal can be bought at 13s. per ton, 
anthracite being 22s. per ton. 

Another case where the conditions are different is that 
of a textile mill where the plant works at or near full load 
the whole time the mill is open. Here the number of 
machines are very large, and the power taken by each, small, 
so that the transmission losses, whether purely mechanical 
or partly mechanical and partly electrical, form a consider- 
able proportion of the total power required. 

For instance in a 100,000 spindle mill of the type so usual 
in the cotton spinning districts of Lancashire, the actual 
power needed to be generated to drive the machinery 
electrically is about 850 KW., the electrical equivalent of 
the 1,400 I.H.P. usually installed. 

The plant needed for such an installation might consist 
of one steam turbine alternator, capable of developing 850 
KW. as normal full load output, supplied with steam from 
a l^ncashire boiler fitted with a superheater in the flue, 
fuel economiser, and condenser for which water is pumped 
from a neighbouring pond or stream. 

Such a plant completely erected would cost about ;^1 1,000, 
this sum including the turbo-alternator, boiler and condens- 
ing plant, switchboard, and connections, a plain engine and 
boiler house, steel chimney, and all necessary foundations. 
Working Costs. 

The conditions of working are : — 

Normal full load of plant - - =850 KW. 

Maximum load - - - - =850 KW. 

Average load - - - - = 800 KW. 

Working hours per week - - =56 hours. 

Units generated per week = 800 x 56 = 44,800 units. 

Plant load factor - - - =94 per cent. 

Load factor . - . . =31-37 per cent 

The coal consumption under these conditions should not 

exceed 3J lbs. of coal per unit generated, including the 

t necessary for banking the fires at night, while with 



DigiLizedbyGoOglc 



1/2 ELECTRICITY IN FACTORIES. 

the one set working always at nearly full load, the oil, waste, 
and stores charges should be small. 
The weekly cost of working would be approximately : — 





Cost 


Pence per 
Unil. 


Fuel, 44,800 units at 3i lbs. of 


£ s. d. 




. 44,800x3-5 „„ 






coal per umt = 2^240 " ^" 






tons of coal at, say, 9s. per ton - 


31 10 


0-169 


Oil, Waste, and Stores, say 






44,800 units at 0-02d. per unit - 


3 14 8 


0-020 


Water— 






120,000 gals, for feed 






at 6d. per 1,000 






gals. - - ^3 






Allowance for pumping 






condensing water ■ 3 10 








6 10 


0034 


Labour — 


One engineer - j^S 10 






One fitter driver - 1 15 






One driver - - 1 5 






Two stokers at 25s. - 2 10 








9 


0-047 


Repairs— 


Say one week at rate 






of 3 per cent, per 






annum on ;£9,000;^5 3 10 






Say one week at rate 






of 2 per cent, per 






annum on ^^2,000 15 4 










0031 


Allowance for Interest and 


" 


Depreclvtion Charges on 




Capital Outlay, say one week i 




at rate of 10 per cent, per annum ' 




on^ll,000. Os. Od. - 


21 3 1 


0116 


Total weekly cost - 


77 16 11 


0-417 
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This figure compares with actual results which have been 
obtained under similar conditions for textile mill work, and 
also with a cost per unit generated, given by Mr C. Sparks 
in a paper read before the Engineering Conference of the 
Institution of Civil Engineers in 1907. Instancing the 
installation at the Powell Duffryn Colliery in South Wales, 
where 3,000 KW. of plant has been installed, one of which 
was a 1,500 KW. set, he stated that the load factor was 
36 per cent, and the yearly output 4,800,000 units. This 
corresponds to a weekly output of 92,300 units. Taking 
coal at 5s. per ton, the total cost per unit was 0'35d. This 
was made up of 0'18d. for running costs and 0-17d. for 
interest and depreciation charges, calculated, as in the above 
cases, at 10 per cent, per annum on the capital outlay. 

If Ihe cost of coal in the above estimate is taken at 5s. 
per ton delivered, instead of 9s. per ton, the total cost is 
reduced by £li, or to a weekly cost of ;£63. I6s. lid., 
representing a total cost per unit of 0'342d. per unit. 

In an ordinary textile mill it is usually considered safe 
to instal only one engine capable of deahng with the full 
output, and to arrange for all cleaning, adjustments, and 
necessary repairs to be done at night, week-ends, or holi- 
days. There is, however, a feeling in many cases that, 
where electrical generating plant is concerned, break-downs 
ought to be guarded against by the provision of spare plant. 
It will be interesting to note what would be the effect in the 
above case of installing duplicate plant. 

It would not be necessary to provide for actually doubling 
the generating capacity. The case would be met by instal- 
ling two turbo-generators, each rated at 500 KW. as normal 
full load, but capable on emergencies of working for long 
periods at 850 K.W. load. Corresponding boiler capacity 
divided between two boilers would need to be provided. 
The capital outlay would be increased by these alterations 
from ;^11,000 to, say, ^^13,000. 

The plant load factor would be reduced, since it would 
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be necessary to run under ordinary conditions both sets, 
each about three-quarter loaded. 
Working Costs, 

The working conditions would therefore be : — 

Full load plant capacity - = 1,000 KW, 

Maxitnun) load - 

Average load 

Working hours per week 

Units generated per week 

Plant load factor 

Load factor 
On account of the lower plant 
tion would be increased to 3J lbs 

would be increased, more water would be used, and 
count of the extra set an additional stoker would be required. 
The weekly cost of working would now be :— 



-850 KW. 
=--800 KW. 
= 56 hours. 



= 80 per cent. 
= 31-37 per cent, 
load facior the coal consump- 
per unit, the lubricating cost 





Cost. 


Pence 
per unil. 


Fuel, 44,800 units at 3'75 lbs. per 


£ s. d. 




9s. per ton .... 


33 15 


0180 


Oil, Waste, and Stokes = 44,800 






units at 0-025d. per unit - 


4 13 4 


0-025 








140,000gals.forfeedat 






6d. per 1,000 gals.;^3 10 
Allowance forpumping 

condensing water - 3 10 








7 


0-039 


Labour — 






One engineer - ;^3 10 
One fitter driver - 1 15 






One driver - -15 






Three stokers at 25s. - 3 15 
Carried forward 


10 5 


0-055 1 


55 13 4 


0-299 1 
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Cost. 


Pence 
per UniL 


Brought forward 
Repairs— 
Say one week at rate of 
3 per cent, per an- 
num on ^10,500 £^ 1 2 
Say one week at rate of 
2 per cent, per 
annum on i;2,50O 19 3 

Allowance for Interest and 
Depreciation Charges on Capi- 
tal Outlay, say one week at 
rate of 10 per cent, per annum 
on^^lS.OOO . - . - 


55 13 4 

7 5 
25 


0-299 

0'039 
0-132 


Total weekly cost - 


87 13 9 


0-470 



The difference in the total weekly cost of working is there- 
fore ^87. 13s. 9d., less ^77. 16s. \\&. = £^. I6s. lOd., 
representing £fi\\. 15s. 4d. per annum as the extra' annual 
charge which would be incurred by installing the electrical 
plant in two sets either of which could be used to supply 
the whole load if necessary. 

In the case of a cotton mill the actual cost of the energy 
is only one of several items which make up the total cost of 
power, and a consideration as to whether or not the advan- 
tages lie on the side of adoption of the electric drive or not 
had better be deferred till later, but the figures given above 
show how low it is possible to reduce the cost of electric 
enei^y generated from independent plants when the weekly 
output is large and the plant load factor high, 

A lar^e central power house has some advantages and 
some disadvant^es as against generating plants worked under 
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above conditions. By reason of its larger output and more 
specialised attention to details, it will be possible for the 
actual generating costs to be reduced, but against this saving 
must be set the losses in distribution and transformation, as 
well as the interest and depreciation charges on the cost of 
the cables and the transformers. 

If, however, there is a good diversity factor on the whole 
of the system from which the supply is taken, the propor- 
tional sum to be allocated as capital cost to this particular 
installation will be reduced to such an extent that the total 
cost per unit, including all interest and depreciation allow- 
ances, will be comparable with those obtained by the 
independent generating plant. It is in the effect on the 
total cost, of the reduced interest and depreciation charge, 
that the hope of the power seller mainly lies. 
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CHAPTER IX. 
POWER STATION TARIFFS. 

Conditions under which Public Supply of Electric Energy is carried 
out — By Municipalities^By Public Companies — Effect of these 
Conditions on Progress — Small Undertakings and iheir Difficulties 
— Growth of Power Companies — Varying Prices for Light and 
Power Units — When Permissible, and to what Extent — Effect of 
Capital Outlay on Total Cost per Unit— Diversity Factor and its 
Influence on Proportional Capital Expenditure per Consumer — 
Flat Rate Tariffs— How to Find an Equitable Tariff— Actual 
Tarifls— Sliding Scales Justi liable and Necessary — Examples — 
Comparison of Various Rates at Different Load Factors— Com- 
parison of Various Kates of Charge with Costs of Private Installa- 
tions— Cost of Production with 100 per cent. Load Factor- 
Advantages of Supply from Outside Source. 

The financial conditions under which electricity supply 
undertakings carry on their business must be understood 
before the question of permissible tariffs is considered. 

The power to open up public highways, is in this country 
vested in the various local authorities, and ils exercise 
by others must be by reason of powers conferred direct by 
Parliament, which are in practice only granted after the 
consent of the local authority has been obtained. Unless, 
therefore, the distribution of power is entirely carried on by 
means of overhead conductors, or is confined to private 
premises, public companies or private individuals are 
compelled to obtain statutory powers in order to carry on 
their work. 

Local authorities, on the other hand, have the power to 
break up the roads in their own areas, but are precluded 
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from contracting loans on the security of the rates without 
the permission of the Local Government Board, which is 
only given after inquiry and after special Parliamentary 
powers have been obtained, so that the control in this 
direction is as effective as in the other. 

When, in 1880, the possibility of supplying electric 
energy ' from a central source was demonstrated to be a 
practical possibility. Parliament was desirous of preserving 
the public from what was felt to be the evil effects of the 
gas monopoly, and commenced that era of repressive con- 
trol which has' done much to retard the progress of the 
industry. 

In 1881 an Act was passed fixing the procedure to be 
observed in all applications for permissions to supply 
electric energy, and making provision for the acquisition of 
these powers by the local authorities at the end of fourteen 
years. As, in calculating the purchase price, no allowance 
was to be made for goodwill, it was necessary for any 
company to provide for the repayment of all their outlay — 
excepting its then value, apart from any question of goodwill 
— within that period. This was found to be impossible, 
and while the Act was in force no progress was made. 
At the same time the local authorities were in nearly 
every case too cautious to run any risks in such an unknown 
enterprise, and only two or three systems were commenced. 

In 1888 the Act was amended by the extension of the 
first date of compulsory purchase from fourteen to forty-two 
years, and since then, conrinuous progress has been made. 
There is, however, in all private undertakings, the possi- 
bility that at the end of forty-two years the system may be 
compulsorily acquired by the local authority at its then 
value without allowance for goodwill, and it is necessary 
for provision to be made year by year against this 
contingency. 

The position to-day, is that outside London nearly all the 
large towns and many of the smaller authorities own 



DigiLizedbyGoOglc 



POWER STATION TARIFFS. 1 79 

electricity supply undertakings, and have the sole right to 
publicly supply electric energy within their own area. 

The money to finance these trading undertakings is 
raised on the security of the local rates after permission 
has been obtained from the Local Government Board, and 
sinking funds must be provided to repay these sums with 
interest within stated periods, ranging up to forty years, 
and depending upon the use to which the money is to be 
devoted. 

What may, therefore, be termed the standing charges of 
the industry include in the case of the local authorities the 
provision of a sinking fund for the redemption of the 
capital outlay, and in the case of public companies or 
private individuals the building up of a sufficient reserve 
fund to compensate for the non-payment of any goodwill 
value in the event of the local authority exercising its 
right to purchase at the end of the first term of forty-two 
years. 

These conditions, have retarded progress, and in many 
cases have made ihe electric light a luxury for the rich on 
account of its high price, rather than a necessity for all. 

Another result has been to make the areas of supply 
depend upon arbitrary local boundaries, and not upon the 
economic limits of supply from the generating starion. 
In many places, it has been necessary to place the generating 
station near the boundary of the supply area with the 
result that good possible customers within a quarter of a 
mile in one direction may be prohibited from taking a 
supply, while in another direction there is a monopoly of 
supply for four or five miles. This anomaly is perhaps 
most glaring in London, where it frequently happens, that a 
would-be customer finds that the nearest generating station 
has no power to supply him ; and he has to go to a station 
two or three miles away, and, of course, pay his share of the 
increased distributing chaises. 

In the smaller towns there are a number of stations — 
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situated in perhaps the best positions obtainable, but quite 
unsuitable for really cheap generation of power — where it is 
useless to hope to produce electric energy at any price low 
enough to compete with other illuminants unless other uses 
than lighting can be found for electric energy within the 
areas of supply. 

It was the hope of removing what were seen to be grave 
defects in the existing law which induced Parliament a few 
years ago to pass Acts incorporating for different sections 
of the country a number of so-called power companies. 
These companies have the right to supply electric energy 
over wide areas, selling in bulk to existing undertakings, and 
catering directly only for the lar^e consumer. In some 
cases the areas of lai^e existing undertakings are excluded 
from the company's operations ; in others, they are not 
allowed to supply private consumers, but only to deal with 
authorised distributors. Thus in some places, the large 
consumer has the option of purchase either from the local 
undertaking or the power company, in others he is forced 
10 go to the local system however conveniently situated 
the power company's station or mains may be. 

In the Tyneside district, electricity supply on these lines 
has proved a great success; in Lancashire and Yorkshire 
power companies are at work making good progress ; but in 
other parts of the country, difficulties of finance have 
prevented much of a start being made. 

The effect of a power load on the load factor of a central 
station has already been pointed out, and the examples 
given show the hopelessness of attempting to get really low 
costs with the ordinary load factors of simply lighting loads 
which only average 10 to 15 per cent. 

The efforts which have been made to improve the lighting 
load factor by the encouragement of the long hour consumer 
by means of the maximum demand system have been ex- 
plained. Its comparative failure is due more to the dislike 
of the public to a varying charge for the same article, than to 
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any inherent defect in the principles on which the system is 
based. 

Mention has also been made on page 106 to ihe plan 
which has recently been tried at Norwich, to encourage the 
extended use of electric energy without the necessity of 
arranging two systems of wiring and having two meters. 
This system is particularly suitable for private houses. It 
would require modifying before applying it to large business 
houses or lock-up shops, where the rateable value of the 
premises is affected either by position or by the value of the 
business carried on. The plan is to cover the general 
charges, which should be borne by the customer, by a 
charge of 12 per cent, per annum on the rateable value of 
the house, and to further charge for all energy actually used 
at a little more than its actual cost of production, namely, 
one penny per unit. In this way, the customer knows what 
his fixed rate is, and he also realises that whatever energy he 
uses, whether for light, power, or radiators, he pays for at a 
fixed low rate, and that the more he uses, the lower is his 
average price per unit. It does not matter how the energy 
is used, so that radiators may be connected to any part of 
the lighting circuit, and the need for double wiring and 
two meters is done away with. The supply undertaking 
is secure of the payment by the customer of his share 
of the standing chat^es, whether the customer uses any 
enei^ or not. This system should prove popular in 
encouraging small consumers in moderately rated houses to 
use electricity freely both for lighting and heating. It has 
proved a success at Norwich, and is being tried in some 
other towns, though its extensive adoption for general supply 
is not at all likely. 

It often happens that the tariff proposed for energy 
supplied for power purposes is only about one-half or one- 
third of that charged for lighting, even when the energy is 
generated in the station under similar conditions, is supplied 
through the same network, and no restrictions are imposed 
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as to the time during which the power supply is available. 
It is not easy to completely defend such a policy, although 
the low charge is made, tn the hope that the motors and 
radiators on the power circuit will use energy during hours 
when the plant would otherwise be very lightly loaded. In 
this way the load factor of the system is, on the whole, 
improved, and so long as the low priced units form but a 
small part of the total revenue, they do not seriously affect 
the financial position of the undertaking. Mr J. F. C. Snell, 
in a paper read before the Institution of Electrical Engineers 
in the autumn of 1907, carefully considered the power 
charges made by the various undertakings supplying electric 
energy in the metropolitan area, and he pointed out that in 
many cases Ihe tariff did not proportion the standing charges 
correctly between the two classes of consumers, and that if 
the power units were in the near future to rapidly increase, 
and form a large proportion of the total load, the financial 
prosjierity of many of Ihe undertakings would be seriously 
imperilled. 

This state of affairs is not satisfactory, and to a lai^e 
extent it is true all over the country, the present tendency 
being to undercharge the power user at the expense of the 
lighting consumer. In some cases, the undercharge is 
small, and as the power load increases the decrease in the 
proportion of general standing charges per unit sold will make 
the low power rate remunerative, but in every undertaking 
the aim should be so to proportion the charges and adjust 
the rates that increase of business to any extent in any direc- 
tion will strengthen and not weaken the financial position. 

Although a tramway load does much to improve the 
load factor of a generating station, it is noticeable that 
there is by no means the anxiety to reduce the charge for 
current for the tramways to anything like the same extent 
as the supply to the ordinary power consumer. This is 
probably due to the fact that usually both undertakings 
belong to the same local authority. 
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Enough has been said to show how important a factor 
the capital cost of the undertaking is, in determining the 
total cost of the units generated and sold. If real success 
is to be attained this must be kept low, and anything un- 
necessary in the way of expensive buildings or other un- 
remunerative items must be avoided. Such expenditure 
acts as a deadweight to the undertaking, and prevents the 
price at which the energy can be sold being reduced to a 
sufficiently low point to enable purchased power to compete 
with independent plants. 

It should be remembered, that while on the one hand the 
conditions under which power is generated in a targe 
central station are favourable to the cost being kept low, 
there are, on the other hand, the distribution losses to be 
taken into account. There are the actual losses due to 
transmitting the energy through the cables to be considered, 
as well as the interest and depreciation charges on the 
cables before the customer is reached, and these sums 
soon neutralise the savings effected in the station itself. 
Thus taking certain assumptions as to the average load 
required, the cost of a system, and the cost of gener- 
ating cuergy, it is possible to calculate the distances over 
which purchased energy can successfully compete with in- 
dependent plants, and it is surprising to find how short 
these distances are. Mr Snell, in the paper already 
referred to, placed the distance with a 500 K\V, of maxi- 
mum demand competing with a works plant costing ^^20 
per KW. installed, at less than four miles, while even with 
a 2,000 KW. demand the distance is under ten miles. 

It is in determining what is the capital cost which 
should be allocated to each consumer, that a high diversity 
factor is of value. Thus if the total cost per KW. installed 
of an electricity supply system is ;£20 per KW., and by 
reason of the different periods of maximum demand by the 
various customers the diversity factor is 2-5, it means that 
each KW, of plant installed at the station is sufficient to 
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meet the demands of 25 KW. of lamps or motors on the 
premises of a consumer, so that the cost per KW. of plant 
required to meet the demands of any particular customer 
is ^^^^ = £8 per KW., and not £20 per KW„ which 

would be the capital cost per KW. if the diversity factor 
of the system were 1. While in industrial districts carrying 
on various classes of manufacturing operations, a diversity 
factor of 2*5 is not at all excessive, the usual figure adopted 
in the case of mixed lighting and power loads is 1-66, and 
on this basis the ^^20 per KW. installed, at the station 
, ;£20 

r-e" 

consumer's premises. 

It is, therefore, of the greatest importance that a varied 
load should be obtained, and not one composed of the 
same class of customers whose periods of maximum load 
are likely to coincide. In one case the increase means 
improved output with no additional capital charges, con- 
sequently better diversity factor, less charge per KW. to 
be allocated to customer, and in addition lower cost per 
unit generated. In the other case the increase means no 
improvement in the diversity factor, but an increase in the 
capital outlay for plant to meet the extra demand on the 
station, which expenditure has its effect in keeping up the 
total cost of the energy supplied. 

The un remunerative character of some of the plant 
installed in central stations was strikingly illustrated in a 
statement made by Mr Talbot, the borough electrical 
engineer of Nottingham, in a recent Presidential Address 
to the Municipal Electrical Association. Dealing with the 
question of the cost of generating energy at different times 
during the day, he said that the maximum load on the 
Nottingham station occurred on only one evening of the 
year, and then only for a very short time, and that the unit 
at the very top of the peak on the annual load diagram, 
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which brought in a revenue of fivepence to the Nottingham 
Corporation, acluatiy cost ^^45 to produce. This was due 
to the fact that plant had to be provided to supply the 
maximum demand, although that maximum demand was 
only needed once during the whole year. 

The following information given in evidence before one 
of the Parliamentary Committees considering the question 
of power supply in London during the session of 1908- is 
of interest in this connection. It relates to the relative 
proportions of the various items of cost which form part of 
the total cost of an electricity unit, and is based on the 
published accounts of seventeen authorised undertakings : — 
Per Cent, 

Coal 16-20 

labour, oil, waste, water, stores, and repairs to 

plant 11-50 

Distribution costs, including w^es of mains' 

department and meter readers', rents, taxes, 

and general charges -.-.■- 17-20 
Interest, depreciation, and sinking fund charge 

on power station on a 7 per cent, basis ■ - 26-70 
Interest, depreciation, and sinking fund charge 

on distribution system on a 7 per cent, basis 28-40 

Total - -""lOO-ob 

Owing to the high cost per K\V. installed of the present 

generating stations and distributing systems, more than half 

of the total cost of the units sold are made up of capital 

charges, or more than three times the cost of the coal. 

The actual tariff charged for power varies in nearly every 
district, the general aim being apparently to arrange as far 
as possible for a flat rate of about one penny per unit for the 
small power user. Several of the London and Provincial 
municipalities supply an unlimited service at this price, to 
the advantage of the user, and sometimes only the indirect 
benefit of themselves. In districts where coat is dear there 
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is no doubt as to the advantage of this rate to the user who 
only requires a few horse-power for short periods. Printing 
estabhshments, laundries, small engineering works such as 
motor car repair shops, bakers, builders, joiners, confectioners, 
are only a few of the many trades to be found in almost 
every town where power is occasionally required, and when 
these can be supplied from the public mains at one penny per 
unit there should be little difficulty in securing their custom. 

While a flat rate is an advantage to the electricity supply 
undertaking wishing to secure the short hour consumer, it 
is a serious handicap when the longer hour consumer has 
to be considered. The figures that have been given show 
that the cost per unit generated in an installation varies with 
the output, and that taking the gas engine installation of 40 
KW. full load given on page 116, Chapter V. (Fig. 50), the 
cost with the various plant load factors of the machines 
working fifty-six hours per week was : — 

100 per cent = 2,240 units per week = I-Old. per unit 
75 „ =1,680 „ =l-20d. 

50 „ =1,120 „ =l-55d. 

25 „ = S60 „ =2-64d. 

Clearly, if the plant is only used occasionally, there is 
no question but that the owner would be well advised in at 
once disposing of his plant, and taking a supply offisred him 
from an outside source at one penny per unit. If, as we 
have seen, such a customer at that price is a source of loss 
to the undertaking by reason of his low load factor, he 
ought to pay more, and can afford to pay more. How shall 
this charge be assessed? It is most fairly done by some 
system based on the maximum demand he makes on the 
system. The user ought to pay his fair share of the stand- 
ing chaises of the generating station due to their always 
having sufficient generating plant ready to supply his needs. 

For the sake of illustration, assume that the weekly charge 
for standing charges is 2s. 6d- per week per KW. demanded. 
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The sum to be found each week to cover the standing 
chaises is therefore 29. 6d. x40 KW. =;^5 per week. In 
addition to this, assume that a charge of one halfpenny is 
made for each unit actually used. The weekly bills for the 
various load factors, worked out on this basis of charge, 
would be :— 

2,240 units peru<eek = equivalent of ViQ per ctnl. Plant 
Load Factor. 
Fixed charge, 40 KW. at 2s. 6d. per KW. £h 
Variable charge, 2,240 units at \A. per unit 4 13 4 
Total charge - - £^ 13 4 
Average price per unit= I'OSd. 
The weekly cost of generating these units in an indepen- 
dent installation (see page 1 12) was £,^. 7s. lOd., making an 
average price per unit of 1 'Old. 

1,680 units per week = equivalent oflb per cent. Plant 
Load Factor. 
Fixed charge, 40 KW. at 2s. 6d. per KW. ;£5 
Variable chaise, 1,680 units at Jd. per 

unit 3 10 



Total charge - - £& 10 
Average price per unit = l'21d. 
The weekly cost of generating these units in an indepen- 
dent installation (see page 113) was £,%. 8s. lid., making an 
average price per unit of l'20d. 

1,120 rtnits per week = equivalent of bO per (ent. Plant 
Load Factor. 
Fixed charge, 40 KW. at 2s. 6d. per KW. £h 
Variable charge, 1,120 units at Jd. per 



Total charge - - £1 
Average price per unit = 1 'STd. 
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The weekly cost of generating these units in an indepen- 
dent installation (see page 1)4) was ^7. 5s. 3d., making an 
averse price of l-55d. per unit. 

560 units per week = equivalent of 1^ per cent. Plant 
Load Factor. 



Fixed charge, 40 KW. at 2s. 6d. per K\V. 
Variable charge, 560 units at Jd. per unit 



£h 
1 3 4 



^6 



1 indepen- 
s ;£6. 3s. 6d., making an 



Total charge 
Average price per unit = 2'65d. 

The weekly cost of generating these units in 
dent installation (see page 115) v. 
average price of 2-64d. 

If we suppose that in a month's working the plant load 
factor in the case of the independent installation was 100, 
75, 50, and 25 per cent.'for the respective weeks, and that 
in another month the units purchased were on a similar 
basis, a comparison of the cost of privately generating the 
energy and purchasing it at the rate of 2s. 6d. per KVV. of 
maximum demand per week, and one halfpenny per unit 
would be ; — 





Flam 

Load 
Factor. 


Units. 


Private 
Plant. 


1 
Ene^y. 


First week - 
Second week 
Third week 
Fourth week 

Totals - 


Percent.. 1 £ s. (I. 
100 : 2,240 ! 9 7 10 
75 : 1,680 8 8 11 
50 i 1,120 ! 7 5 3 

25 j 560 1 6 3 6 


£ s. d. 1 
9 13 4 ; 
8 10 
7 6 8! 
6 3 4 j 


... 5,600 31 5 5 


31 13 4 1 



Average cost per unit : Private plant, 1 ■34d. "; purchased 
energy, r36d. 
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If the supply undertaking had charged a flat rate of one 
penny per unit, the amount they would have received during 
the month would have been ;^23. 6s. 8d., which, taking the 
variable part of the cost of generation and distribution at 
one halfpenny per unit, would only have left half this sum, 
or ^11. 13s. 4d., towards meeting the standing charges of 
maintaining sufficient generating plant at the station at the 
call of this customer, whereas on the other tariff, the sum 
thus allowed Is 2s. 6d. x 4 = 10s. per KW. of demand = 

The fixed sum per KW. demanded, which has just been 
assumed at Ss. 6d. per KW. of maximum demand per week 
= '2s. 6d. X 52 weeks = ;^6. 10s. per KW. of maximum 
demand per annum. This, we have seen, is sufficient to 
cover the standing charges on an independent generating 
plant capable of meeting the maximum demand of 40 KW., 
and is higher than need be allowed If ihe diversity factor of 
the public supply system is taken into account. If this is 
assumed to be 1'66— a fair figure — the standing charge 
allowance which should be chaiged by a public supply 
undertaking is reduced to ^ ' - - , or _£3. 18s. 4d., say 

£i, per KW. of maximum demand per annum. 

This is the principle which is being adopted by all 
undertakings which are dependent upon the sale of power 
for their revenue. The way of expressing the charge varies, 
but it is necessary to divide it into two factors, one 
practically to cover the standing charges, the other varying 
with the number of units actually supplied. 

The following are typical of the charges which are being 
made for purchased power. The Yorkshire Electric Power 
Co. have powers to supply electric energy over a large part 
of the manufacturing districts of Yorkshire. They are 
permitted to charge as a maximum j£4 per KW. of maxi- 
mum demand + 0-85d. per unit actually supplied. They 
are, however, prepared to accept much lower rates, such as 
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£4 per KW. + one halfpenny per unit, or for large users 
even j£4: per KW, of maximum demand + one farthing 
per unit actually used. These figures are very low and are 
rapidly placing them in a position of superiority to all other 
competitors. The maximum demand is determined each 
quarter so that the customer has the advantage of any 
seasonal variation in his demand for power. The engineer 
of this Company recently stated in evidence before a 
Parliamentary Committee that the average price received 
by the Company was below three- farthings per unit. It is 
not at all surprising to find that in four years the Company 
have either connected or contracted for the supply of power 
to one-quarter of the estimated total motor load of 36,U00 
HP. in the vicinity of their generating station, among them 
being the entire power load of seven textile mills. 

The Lancashire Electric Power Co., who have operating 
powers over the southern portion of Lancashire, are pursuing 
the same policy. They are empowered by their Act of 
Parliament to charge to large consumers :— 

Maximum Demand. £ s. d. 

Under 100 KW. = 6 per KW.J 

101 to200KW. = 5 „ 

201 to 300 KW. = 4 10 „ I + O'iSd. per unit. 

301 to500KW. = 3 10 

Over 500 KW. = 300 „ ] 

They are, however, prepared to supply large users at the 
same rates as the Yorkshire Co., viz., ^4 per KW. of 
maximum demand plus 0'25d. per unit, and in cases where 
the maximum load exceeds 500 KW. they are even prepared 
to make further concessions, so that on a 33 per cent, load 
factor it may be possible for a large mill to obtain enei^y at 
as low a rate as O'SOd- per unit. 

In considering these very low rates it is necessary to 
point out that it is usual for provision to be made in power 
contracts for increases or decreases in the price per unit to 
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accord with any wide fluctuations in the market price of 
coal. Thus if the price per unit is based on a market price 
of coal at, say, 10s. per ton for coal with a calorific value 
of 14,000 B.Th.U. per lb., provision would be made for a 
sliding scale to come into operation when the price of coat 
varied, say, more than 10 per cent, from this figure. Such 
a stipulation is only fair, as it would operate with equal 
force in varying the cost of working a private installation. 

The North Metropolitan Electric Power Supply Co.' 
chaise £1 per quarter for each KW. of maximum demand 
plus a rate varying with the character of the load from 
0-90d. to 0-40d. per unit. 

The St Pancras Borough Council give their customers the 
option of a flat rate of one penny per unit or a charge of £i 
per KVV. of maximum demand plus one halfpenny per unit. 
This option was granted at the time the Administrative 
County of London Company's Power Bill was before 
Parliament in 1906, and was taken advantage of by several 
of their large customers. Time, however, showed that their 
load factor was so low that their quarterly bills under this 
system were considerably increased, so that it is not surprising 
to hear they have all reverted to the old flat rale of charge. 

The Shoreditch Borough Council, who have a large 
number of small power users on their mains, charge ;£i 
per KW. of maximum demand plus three- farthings per unit 
if the consumption is less than 75,000 units per annum, 
charging at the rate of j£i per KW. of maximum demand 
plus one halfpenny per unit when the consumption exceeds 
that amount. 

The maximum charges proposed in the various Power 
Bills for London which were presented to Parliament in the 
session of 1908 are also on the same lines. 

Thus, in the London and District Company's Bill, which 
provides for a supply to authorised distributors and large 
power users, the following rates were proposed ; — 

For a supply of high tension three-phase current to 
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customers whose maximum demand exceeded 250 KW. — 
;^3 per KW. of maximum demand plus one farthing per 
unit actually supplied. 

For a supply of low pressure three-phase alternating 
current to customers whose maximum demand exceeded 
250 KW. — ^3, 10s, pet KW, of maximum demand plus 
30d. per unit actually supplied. 

For a supply of direct current to customers whose maxi- 
mum demand exceeded 250 KW.— ;^4, 10s, per KW, of 
maximum demand plus 0-33d. per unit actually supplied. 

There are in the Bill proposals to enable certain additions 
to be made to the above rates for customers whose demand 
is less than 250 KW., and it is stated that the Company 
propose that in practice the prices shall be less than the 
above maximum rates. 

In the Bill promoted by the associated existing London 
companies, now passed into law, the proposed charge to 
authorised distributors for a bulk supply was stated to be 
;^5 per annum per KW. of maximum demand plus 0'35d, 
per unit supplied, and it was finally decided to modify the 
maximum rates included in the various Acts under which 
the companies operate so that the price for power units 
shall not exceed ;^6. 15s. per annum per KW. of maximum 
demand plus one halfpenny per unit used. 

The proposed charges in the abortive Bill proposed in 
1907 by the London County Council for power supply in 
London were on the same hnes. 

Little information is obtainable as to the exact rates 
charged by the Newcastle- on -Tyne Electric Supply Co. and 
its alhed companies, but their plan of proportioning the rate 
of discount to the output accomplishes the same purpose. 

It will be well to select two or three of these various tariffs, 
and see how they compare with each other with different 
load factors. 

The rate of ;£4 per KW, of maximum demand plus one 
halfpenny per unit may be taken as representing the usual 
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charge of a power company to an ordinarj' consumer, and the 
rate of £i per KW, of maximum demand plus one farthing 
per unit as the charge to a large long hour consumer such as 
a cotton mill or lai^e engineering works. These compare 
with each other and with a flat rate of one penny per unit as 
follows, taking the working load as requiring one kilowatt : — 







U«d 


Ptr Cenl. 
Load 




CoslptrU 


,.. 


H^n'^ 


iJ^u'i'^^ 




£1 PC. KW. 


£4KrKW. 


Day. 


Teat" 






Flat 


of Demand 










„,.. 


^'"t^;.- 


^%i?' 


1 


365 


365 


4'16 


a. 
1-00 


3-13 


d. 

2-88 


2 


730 


730 


8'33 


1-00 


1-81 


1-56 


3 


1,095 


1,095 


12-50 


1-00 


1-38 


112 


4 


1,460 


1,460 


16-66 


1-00 


116 


0-91 


5 


1,825 


1,825 


20-83 


1-00 


1-02 


0-77 


6 


2,190 


2,190 


25-00 


I -00 


0-94 


0-68 


7 


2,555 


2,555 


29-16 


1-00 


0-87 


0-63 


8 


2,920 


2,920 


33-33 


1-00 


0-83 


0-58 


9 


3,285 


3,285 


37-50 


1-00 


0-79 


0-54 


10 


3,650 


3,650 


41-66 


1-00 


0-76 


0-51 


11 


4,015 


4,015 


45-83 


1-00 


0-74 


0-49 


12 


4,380 


4,380 


5000 


1-00 


0-72 


0-47 


15 


5,475 


5,475 


62-50 


1-00 


0-67 


0-42 


18 


6,570 


6,570 


75 00 


100 


0-64 


0-40 


21 


7,665 


7,665 


87-50 


1-00 


0-62 


0-38 


24 


8,760 


8,760 


100-00 


1-00 


0-61 


0-36 



These figures are shown graphically on Fig. 52. With 
the higher rate of charge, namely, £i per annum per 
KW. of maximum demand plus one halfpenny per unit, 
the curves show that at all load factors less than 21 per cent., 
or five hours' work per day, the fiat rate of one penny per 
unit is the cheaper to the customer, while at higher load 
factors the advantage of the varying scale to the supply 
company becomes more and more pronounced, till with a 
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continuous twenty-four hour load, it is 39 per cent, lower 
than the flat rate. 

With the lower rate of ^£4: per- annum per KW. of maxi- 
mura demand plus one farthing per unit used, the lines cross 
at 16 per cent, load factor, or a little less than four hours 
per day, the advantage to the supply company of the vary- 
ing scale increasing until at 100 per cent, load factor it 
amounts to 64 per cent. 

In dealing with charges made on this basis it is important 
to remember the effect of any increase in the maximum load 
on the annual bill. Thus, if in a works, motors to an aggre- 
gate demand of 40 KW. are one day simultaneously over- 
loaded 25 per cent, for an hour, the maximum demand on 
the station will be increased from 40 KW. to 50 KW., or by 
10 KW., and the annual bill by 10 x 4 = ;^40 ; or, if the 
maximum demands are taken quarterly, by ;£10. 

In larger installations the effect of careless simultaneous 
overloading of the system may make a very serious addition 
to the maximum demand, with a corresponding increase In 
the total cost of power. 

As a result of the low price at which energy can be pur- 
chased by consumers having very high load factors on the 
lowest of the above scales, it is interesting to note that a 
calcium carbide manufacturing company who require large 
quantities of electric energy have established a factory close 
lo the Yorkshire Power Co.'s Thornhill generating station, 
in order to avail themselves of this low price, which is still 
further reduced on the manufacturing company undertaking 
so to arrange their work that no energy is required during 
the ordinary peak load hours. 

Assume that in all cases where the maximum demand 
is less than 100 KW., the charge will be j£i per annum 
per KW, of maximum demand plus one halfpenny per unit 
used, and in other cases the same sum per KW. of maximum 
demand plus one farthing per unit. The following is a 
comparison of the cost of purchased energy with the prices 
obtained in earlier chapters for independent plants : — 
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(A.) Gas Engine Installation (pages 112115, 
Chapter VI.). 



Maximum load 


40 KW. 


40 KW. 


40 KW. 


40 KW. 


Average load 


40 KW. 


30 KW. 


20 KW. 


10 KW. 


Working hours per 










week - 


56 


56 


56 


56 


Units per week 


2,240 


1,680 


1,120 


560 


Price, gas, per 1,000 


/ 5. d 


£ s. d 


C «. d 


£ s. ± 


cub. ft. - 


2 


2 


2 


2 


ToUl cost of work- 










ing per week, in- 










cluding propor- 










tion of 10 per 










cent, per annum 










on capital outlay 










for interest and 










depreciation 


9 7 10 


8 8 11 


7 5 2 


6 3 6 


Weekly cost if 




















purchased at rate 










of Id. per unit 










flat rate - 


9 6 8 


7 


4 13 4 


2 6 8 


Weekly cost if 










energy could be 










purchased at ;^4 










per KW. of maxi- 










mum demand -H 










jd. per unit 


7 U 11 


6 11 7 


S 8 3 


4 4 11 


Rate per unit if 










energy purchased 










on this basis 


0-83d. 


0-94d. 


M6d. 


l-82d. 


Rate per unit at 










which energy can 










be generated in 










private installa- 










tion - 


I'OId. 


l-20d. 


I-55d. 


264d. 
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(B.) Other Tvpes of Plant. 





Oil Engine 


Producer Gas 


Steam 




Plant. 


Plant. 


Engine Plam. 


Reference to details 


Page 145 


Page 154 


Page 165 


Maximum load 


40 KW. 


40 KW. 


40 KW. 


Average load - 


20 KW. 


20 KW. 


20 KW. 


Working hours per 








week - 


56 


56 


56 


Units per week 


1,120 


1,120 


1,120 


Cost of oil per ton - 


45s. 






Cost of anthracite 








per ton 




22s. 




Cost of coal per ton 






9s'. 


Total cost of work- 








ing per week, in- 








cluding interest 








and depreciation 








at rate of 10 per 








cent, per annum 


C s. d. 


£. s. d. 


C s. d. 


on capital outlay 


6 19 10 


6 5 10 


6 15 9 


Rate per unit 


l-47d. 


l-35d. 


l-45d. 


Weekly cost if 








energy could be 








purchased at Id. 


£. s. d. 


£, s. d. 


/ s. d. 


per unit 


4 13 4 


4 13 4 


4 13 4 


Weekly cost if 








energy could be 








purchased at rate 








of £^ per KW. 








of maximum de- 








mand -^ \A. per 


£. s. d. 


£. s. d. 


€ s. d. 


unit - 


5 8 3 


5 8 3 


5 8 3 


Rate per unit do.- 


116d. 


M6d. 


M6d. 


^.■ 


" ■ r " — ■ 


^ 






rndbvCoOglc 



ELECTRICITY IN FACTORIES. 



(C.) Producer Gas and Steah Installations for 
Large Works. 





Pressure Producer 


Steam Engine 




Gas Plant. 


Plant. 


Reference to details - 


Page 158 


Page 170 


Capacity of plant - 


750 KW. 


750 KW. 


Maximum load 


530 KW. 


530 KW. 


Average load factor 


say 40 per cent. 


say40 per cent. 


Working hours per weei 


126 


126 


Units generated per week 


35,100 


35,100 


Cost of anthracite per ton 


22s. 




Cost of coal per ton 




9s. 


Total cost of working pe 






week, including inter 






est and depreciation 






at rate of 10 per cent 






per annum on capita 


£ s. d. 


/ s. d. 


outlay 


116 19 4 


105 19 7 


Price per unit 


0'80d. 


0-7 2d. 


Weekly cost if energ; 






could be purchased a 


£ s. d. 


£ ^ d. 


fiatrateof Id. peruni 


146 5 


146 5 


Weekly cost if energ) 






could be purchased a 






rate of ^4 per KW 






of maximum demanc 


£ s. d. 


£ .. d. 


+ ^d. per unit - 


77 6 8 


77 6 8 


Rate per unit do. 


0-53d. 


0-53d. 

1 
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(D.) Large Steam Plants for Textile Mill Work. 





One 850 KW. 


Two flOO KW. 




S«. 


Sets. 


Reference to details 


Page 172 


Page 175 


Capacity of plant ■ 


850 KW. 


1,000 KW. 


Number of units - 


1 


2 


Maximum load 


850 KW. 


850 KW. 


Average load 


800 KW. 


800 KW. 


Working hours per week 


56 


56 


Units generated per week 


44,800 


44,800 


Cost of coal per ton 


9s, 


9s. 


Total cost of working per 






week, including inter- 






est and depreciation 






charges at rate of 10 






per cent, per annum 


£ s- d. 


£ s. d. 


on capital outlay 


77 16 11 


87 13 . 9 


Price per unit 


0-417d. 


O'470d. 


Weekly cost if energy 






could be purchased at 






rate of £i per annum 






per KW. of maximum 






demand + 0'25d. per 


£ s. ,i. 


£ s. d. 


unit - - - - 


112 1 


112 I 


Price per unit 


OGOd. 


0-60d. 



The reason that the cost per unit in the last case, where 
44,800 units are purchased each week, is higher than in 
the previous case, where only 35,100 units were purchased 
weekly, is due to the lower load factor. The textile mill 
only works in the daytime, or 56 out of the possible 168 
hours in a week, while the engineering works worked 126 
hours out of the 168 hours. 

It is very probable that for a load of this character a 
power company would be willing to accept an inclusive 
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price of O'SOd. per unit or even less on a guaranteed oulput 
of 2,000,000 units per annum, or 40,000 units per working 
week. If so, the weekly cost of purchased energy would be 
in this case 44,800 units at 0-50d. per unit = ^93. 6s. 8d. 

All the above figures can, of course, be modified to suit 
actual conditions, but they show what are the prices which 
must be aimed at if the question of power supply is to be 
settled on purely cost lines. 

The instances taken have in each case been those likely 
to be met with in ordinary works practice. Before finally 
leaving this branch of the subject it will be interesting to 
take the cases of the producer gas and steam plants for the 
large engineering works and sec what the cost per unit 
would have been if it had been possible to work the plant 
at its full running load of 500 K\V. for the whole of the 
168 hours in the week. Three 250 K\V. sets are installed 
in each case, so that there is iJO per cent, of spare plant to 
meet emergencies. These conditions are never met with 
in practical work, the nearest approach being some chemical 
processes where power is constantly required and work 
must be carried on. 

Producer Plant. — The total capital outlay on the 
plant has been taken as ;^16,000. 

Working Cost. 

The assumed conditions of work are : — 

Maximum load - - . . =500 KW. 

Average load =500 KW. 

Number of working hours per week - =168 hours. 
Unitsperweek - - =500 x 168 = 84,000 units. 

Load factor calculated on running 

plant =100 per cent. 

The anthracite required under these conditions should 
not exceed 1 75 lbs. per unit, and the fresh water required 
per unit would be reduced to i gallons. 
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The weekly cost of working would be approximately— 



Fuel, 84,000 units at IJ lbs. of 
, ■, .. 84.,000xl-75 

fuel per ^'^^^ = - :,-nA7^-- = 

say 66 tons of anthracite at 22s. 

per ton . - - . . 

Oil, say 1^ pints per engine per 

hour 



engines = 

= say 63 gals, at Is. 8d. per gal, - 
Waste, Stores, and Sundries 
Water, say 4 gals, of fresh water 

per unit = 84,000 x 4 = 336,000 

gals, at 6d. per 1,000 gals. - 
Labour— 

One engineer ;£5 



One assistant - 


2 10 


n 


Two fitter drivers a 






35s, - 


3 10 





Three drivers at 25s. 


3 lis 





Six producer plan 






attendants at 22s. 


6 12 





Two labourers at 20s. 


2 






Repairs — 

Say one week at rate of 

3J per cent, per 

annum on ;^12,000;^8 13 1 
Also one week at rate 

of 2 per cent, per 

annum on ^4,000 1 10 9 

Allowance for Interest and 
Depreciation Charges on 
Capital Outlav, say one week 
at rate of 10 per cent, per annum 
on ^16,000 . - - . 

Total weekly cost - 
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Steam Engine Plant, — In this case the capital cost was 
taken at ;£15,000. 

Working Cost, 

The assumed conditions of work are : — 

Maximum load - - - - -500 KW. 

Averse load =500 KW. 

Number of working hours per week - =168 hours. 
Units per week - - - . = 84,000 units. 
Load factor calculated on running 

plant =100 per cent. 

The coal required per unit under these ideal conditions 
should not exceed 3 lbs. per unit, and the oil, waste, and 
stores allowance should be reduced to 0'025d. per unit. 

The weekly cost of working would be approximately : — 





Cost. 


Pence 
per Unit. 


Fuel, 84,000 units at 3 lbs. of coal 

at 9s. per ton - 
Oil, Waste, and Storbs, say 

84,000 units at 0-025d. per unit- 
Water— 

Say 4 gals, per unit 
= 84,000 X i = 
336,000 gals, at 6d. 
per 1,000 gals. ^8 S 

Allowance for pump- 
ing condensing 
water, say - -500, 


/ s. d. 

50 12 6 
8 15 

13 8 


0145 

0-025 

0-038 


Carried forivard 


72 15 6 


0-208 
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Cost. 


Pence 








per Unit. 




£ 


s. d. 




Brought forward 


72 


15 6 


0'208 


Labour— 








One engineer - ;£4 10 








One assistant - - 2 10 








Two fitter drivers at 








35s. - . - 3 10 








Three.drivers at 25s. - 3 15 








. Six stokers, &c., at 22s. 6 12 










20 


17 


0'060 


Repairs— 








Say one week at rate 








of 3| per cent. 








per annum on 








£\2,0m - ^S 7 10 








Say one week at rate 








of 2J per cent, per 








annum on ;^3,000 1 3 1 










9 


10 11 


0-027 


Allowance for Interest and 




1 


Depreciation Charges on 








Capital Outlay, say one week 








at rale of 10 per cent, per annum , 






on;^15,000 


28 


16 11 


0-082 1 


Total weekly cost 


132 


4 


0-377 



It might be possible with the use of a smaller staff, or by 
reason of the repair bill being lower than that allowed, or 
by dispensing with the 50 per cent, spare plant allowance, to 
reduce these costs, but on the bases that have been taken 
they are the lowest which could be attained with those 
particular plants. 

Very little reference has been made to what may be 
termed the collateral advantages of purchase from an 
outside source, such as : — 
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1. Increased certainty of supply. 

2. Reduced anxiety to works man^enient sialT due to 
absence of generating machinery from the works. 

3. Reduced outlay %>n power planl, liberating capital 
which can be better employed in increasing size of works 
and consequently output and net profit. 

4. The space needed for the generating plant and acces- 
sories can be utilised for directly productive purposes. 

5. Th&jateable value of the premises is reduced by the 
cost of the plant, and consequently there is a distinct annual 
saving in the rales which may fairly be credited to the cost 
of the purchased energy. 

These advantages are verj' real, but their value depends 
so much on the position of the works, the character of ihe 
processes carried on, and cost of space, that their valuation 
must be left to the manufacturer himself. It is this sum 
which in many cases turns the scale In favour of purchase 
of energy from an outside source. 
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CHAPTER X. 

THE USE OF ELECTRIC POWER IN 
TEXTILE FACTORIES. 

Importance of Small Economies in the Textile I nduslry ^Evolution of 
Prraent Methods of Working — Need for Steadiness of Drive at 
Machines — Superiority of the Electric Drive in this Respect over 
other Methods — Increased Output and Improved Quality with 
Electric Drive — Summary of Advantages and Disadvantages of 
Electric Driving — Types of Motors for Different Classes of Work 
— Arrangement of Motor Drives to get Best Results — Considera- 
tion of Cost of InsUlling the Electric Drive— Relative Coats of 
Maintenance — Should Electric Energy he Generated or Purchased ? 

From whatever standpoint they are considered, the textile 
industries are amongst the most important in the country. 
The value of the finished products, the amount of capital 
invested, the number of persons directly or indirectly 
dependent upon them, and the total amount of power 
required to carry them on, are in each case so great that 
it is difficult to realise their true significance. It is stated 
that in Lancashire alone, there is nearly a million and a 
half horse-power of steam plant in use for driving mills, and 
an examination of the conditions under which they are 
working reveals an average efficiency and an adaptation 
of means to ends unequalled in any other of our great 
industries. 

There is no need here to explain how it is that certain 
areas in this country have won a reputation which has 
secured them the greater part of the textile trade of the 
world. It is sufficient for our purpose to point out that 
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the difference between the price at which raw cotton can 
be purchased by the mills, and that which can be obtained 
for finished cotton goods, is so small that it is only by the 
closest attention to detail that the business can be success- 
fully carried on. 

The result of many years' work under these conditions 
has been to produce a generation of workers who are un- 
excelled in their ability to operate textile machinery, as well 
as a race of works' managers who thoroughly understand 
the importance of small economies. It is perhaps natural 
that, accustomed as they are to get the most and the best 
out of the machinery they have used for many years, they 
are slow to make changes and adopt new methods. 

This characteristic was very apparent twenty-five years 
ago, when rope driving was first proposed. The mill 
owners and managers were so used to gear-wheel driving 
— and it is only fair to say had brought it to such perfection 
— that so far as r^ards efficiency, there was little to choose 
between the two systems, but the indirect advantages of 
rope driving with its greater flexibility and higher shafting 
speeds were so marked that eventually gear wheels were 
discarded as far as possible, and rope driving substituted. 

The same process is being gone through with electric 
driving. Here again the actual gain in efficiency is not 
the factor which will eventually decide the question. It is 
the larger output and improved quality of the finished 
product which will force the manufacturer to employ electric 
motors. There are other advantages which are very real 
and will be noticed later, but the possibility of working the 
machines at a more uniform and higher average speed is the 
most important. 

Textile mills may be divided into three classes — spinning 
mills, where the cotton or wool after a careful preparatory 
treatment is spun into thread ; weaving mills, where the 
thread is woven into calico or cloth ; and dyeing sheds, where 
the material is dyed or printed ready for the market. 
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Taking spinning mills first, we find that, speaking gener- 
ally, cotton mills are located in Lancashire, principally 
round Manchester and its vicinity, where it is said the 
general humidity of the chmate is very suitable for this 
work, while woollen mills cluster together in South Yorkshire. 

We have here a number of different machines which, for 
the most part, need a constant speed. In some of them, 
notably in the carding machines, the intermediate machines, 
including the combing, roving, stubbing, and intermediate 
frames, as well as the actual spinning machines, whether 
ring or mule type, it is important that certain maximum 
speeds shall not be exceeded. These maximum speeds are 
determined by the permissible strain on the threads, to 
exceed which, causes an undue amount of breakage. It 
naturally follows that these maximum speeds vary with the 
character of the work. 

The aim in spinning mills is, therefore, to maintain as 
steady and constant a drive as possible. A heavy fly-wheel 
and a sensitive governor is usually placed on the main 
engine, and the whole is so well designed and constructed 
that the variations in speed at any part of the revolution of 
the engine do not exceed 3 per cent. This is an excellent 
result, but the ropes and the intermediate shafting between 
the engine fly-whee! and the hne of shafting actually 
driving the machines, slip and cause the fluctuations at the 
machine pulleys to be much more pronounced, often amount- 
ing to 15 or 20 per cent. 

This is often not fully realised in practice, but that it is 
actually the case is well illustrated on some records shown 
by Mr W, B. Woodhouse some months ago in a paper 
read before the Bradford Engineering Society. These 
records were taken on a sensitive and accurate speed 
recorder. 

Fig. 53 shows the difference which the slip of the ropes 
and intermediate shafting, make between the drive of the 
engine and the countershaft ing actually driving a number 
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of looms. The engine variation is 3 per cent., the variation 
at the machines IS per cent. 

This particular mill was changed over to the electric 
drive, and Fig. 54 shows the same countershafting driven by 




an electric motor. The speed variation has been reduced 
from 20 per cent, to less than 4 per cent. 

Another case is that of a countershaft driving a mule 
machine. Here it is very important that the maximum 
speed shall not be exceeded, or the number of thread 

I 



10 SECONDS 
COUNTER SHAFT 



-J 



4.— Diagram showing Variation of Speed on same Machine 
Countetshaft after conversion to Electric Driving. 



brrakages rapidly increases. Before electrification, as 
shown in Fig. 55, the variation was 15 per cent. After- 
wards it did not exceed 3 per cent. 

A further instance shows a countershaft driving a carding 
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machine. Here, as seen in Fig. 56, the speed variation 
was reduced from 7 per cent, with the steam drive to 
j per cent, when motor driven, 

These typical instances prove that It is possible with an 
electric motor to run the countershafting, driving the 



10 .jeco/VDs »l 

I 



machines in a mill, under the same conditions as to speed 
variation as the fly-wheel of the main engine. That is, to 
eliminate the variations from steady running due to slip 
and other causes in the intermediate ropes, helts, and 
shafting. These results may be obtained with judicious 



Fig. fln.-Comporisnn of Va rial ion uf .Sptcil nn Cnrding Machine 
CountcTsl)ar< More nn<l nftei conversion to KIcciric Driving;. 

grouping of the various machines, and in some instances 
by adopting the individual drive. The extent to which in 
practice it is advisable to group machines, or to separately 
drive them, so as to provide the greatest uniformity in speed 
depends upon the individual conditions. If one large 
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motor were substituted for the oiatn engitie, obviously 
no improvement in this direction would result, while to 
go to the expense of separate motors for each machine 
would be unnecessary and unwise. The general fact 
remains that with an electric drive it is possible, without 
exceeding the permissible maximum speed, to increase the 
average speed of any group of machines 7^ to 10 per cent., 
thereby not only increasing the output, but because of the 
steadier drive, obtaining a more valuable finished product. 

Manufacturers who have adopted electric driving are 
naturally averse to publishing the exact extent to which 
this is the case, but they will fully admit 3 per cent, in 
conversation and make use of a 5 per cent increase as 
the basis of their own calculations ; so there is no doubt 
as to the reality of the improvement With certain carding 
machines the number of cards made per day was 25 per 
cent, higher after conversion, and with other individual 
machines the gain was also very marked. In places where 
only part of the machines have been changed over from 
steam to electric drive, the workers have made it a distinct 
grievance, and those operating the steam driven machines 
have petitioned for the changeover to be completed 
because of the greater ease of working with the steadier 
drive of the electric motor. 

There are, however, other advantages which can be 
obtained by the adoption of the electric drive in textile 
factories besides the greater uniformity of countershafting 

These may be summarised as follows : — 

A. Greater Flexibility in the arrangement of 
the Mill- — A steam driven mill usually consists of several 
floors with the engine placed in the basement, The 
countershafting is so connected by ropes or belts that it 
is run from one point on each floor by ropes from the 
engine main pulley. The distance between the engine and 
driven machine, as well as their relative positions, are 
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therefore limited by the conditions imposed by the possi- 
bilities of the mechanical drive. 

In many cases, only part of a site can be utihsed owing 
to this condition, and it is easier to wait for extensions 
until an entire new mill can be built, than to gradually 
extend an existing one. With electric driving, the only 
cotSnection between the motor and the generator are two 
or three flexible copper conductors which can be taken 
10 any spot or any distance. The machinery may be 
placed in any convenient position, and extension machines 
may be placed in separate buildings as desired, without 
reference to the position of the main engine- 

B. Reduction of Shafting. — The genera! practice in 
steam driven mills is to arrange for the countershaft! ng 
driving the various machines to run at speeds usually vary- 
ing between 160 and 200 revolutions per minute. With 
electric driving it is possible, and in many cases preferable, 
to arrange the machines in groups driven from a counter- 
shaft which runs at about 500 or 600 revolutions per minute. 
This countershaft may be driven by one motor either direct 
coupled, or connected to it by belts, chains, ropes, or even 
spur gearing. The higher speed at which the shafting runs 
allows. of much smaller and lighter shafting being used, the 
pulleys, hangers, and bearings being correspondingly lighter. 
This reduction in the amount, size, and weight in the milt 
has an appreciable effect on the cost of maintenance, while 
the saving in their cost goes far towards purchasing the 
necessary motors and accessories. 

C. Independence of Different Sections of the 
Mill.— The fact that in some cases each machine, and in 
any case each group of machines, is driven by an independent 
motor iliakes it possible to run parts of the mill or any set 
of machines separately. As the shafting losses in a mill 
requiring 1,000 I.H.P. may easily be 300 I.H.P., the 
importance of this will at once be realised. 

D. Improved General Efficiency.— It is easy to 
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place a recording wattmeter in the circuit of any motor, 
and by examining its record to see exactly what energy 
has been used. This inrormation may be very valu- 
able, as it enables faults in the machines to be located 
and remedied, and at the same time enables the cost of 
operating separate machines to be calculated. Incident- 
ally records of this description Idl whether the machines 
are worked at their normal rate during the whole of the 
day. In many cases it has been shown that in the early 
morning and after each stoppage for meals it takes some 
time to get properly to work, and by attention on the part 
of the managers and foremen, it has been possible in many 
cases to save half to three-quarters of an hour per day. 
This means a considerable difference in the annual output, 
and well repays ihe extra trouble involved in insisting upon 
the workers promptly commencing work. 

E. Purchase of Energy.— In a number of districts 
it is now possible to purchase electric energy at a reasonable 
rate from some public supply. Where this is the case there 
is a saving of about 10 per cent, of the cost of building and 
equipping the milt, due to the absence of the chimney, 
boiler house, sleam raising plant, steam engine with its 
accessories, rope race, &c., and the capital thus saved can 
be invested in laying down additional machinery which 
enables the profits earned by a given outlay to be increased. 
As in all probability the sum paid for energy will be higher 
than the price at which it could be generated on the site, 
this saving is reduced to that extent, but it remains in many 
cases a real factor in determining how the mill shall be 
driven. 

F. Reduced Liability to Stoppage of Mill— In 
a mill driven either from its own steam plant or from its 
own electrical generating plant there is always a chance that 
any fault either in the boilers or sleam engine may necessitate 
the stoppage of the whole mill. If the mill is run electric- 
ally, and especially if the electric energy is purchased, the 
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risk of total stoppaj^e is practically eliminated. Should any 
motor develop a fault it is only the machines it is driving 
that are affected, and at the worst it is the work of a very 
short time for the motor to be removed and another one 
put in its place. Duplicate mains and ample spare plant 
render the failure of a public supply of electric energy a 
remote contingency. 

G. Type of Steam Eng:ine.— The steam turbine 
affords a more satisfactory prime mover for textile machines 
than the slow speed reciprocating engine, on account of 
its more even turning moment. By reason of its high speed 
it is not easy to arrange to use them in combination with 
the usual mechanical drives. They can, however, be easily 
connected to electrical generators and the advantage of 
their steady torque thus made use of. This is one of the 
reasons why, when works electrical generating plants are 
installed in mills, turbine driven generators are usually 
preferred, and in large power stations the power supply is 
often obtained from turbine driven plant. In one district 
where the central station has both turbine and reciprocating 
engine driven plant, the mills can tell from the steadiness 
of the drive when the turbine, and when the reciprocating 
engine sets, are being run. This is one of the causes 
contributing to the steady electric drives shown in Figs. 
53 to 56, 

The induction type of motor, especially when run on two 
or three phase circuits, possesses many advantages for textile 
mill work. It has practically a constant speed under all con- 
ditions of load with a well-defmed maximum, has fair starting 
torque, and in the squirrel cage pattern there are no rubbing 
contacts carrying current. Its simplicity and robustness 
under working conditions are great recommendations in its 
favour. 

It must be remembered that the temperature of many of 
the rooms in the mill is about 85° Fahr., especially near the 
ceilings, where the motors are often placed. The motors 
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have to run under these conditions for the whole of the 
working hours at practically full toad, so that ample margin 
in size must be allowed. Some of the processes carried on 
in textile mills need a humid atmosphere, and this has to be 
produced by artificial means, thus increasing the need for 
care in the selection of the pattern of motor adopted. 
It is necessary also to see that the motors are protected 
by gauze coverings to all openings from the cotton dust 
which, in some of the rooms, is ever present. 

Where the machines are run in groups, and the shafting 
runs in parallel lines, it is sometimes possible to extend the 
shafts and place the motors in passages outside the machinery 
rooms, where there is better ventilation and greater freedom 
from dust. If this is not possible, it is occasionally advisable 
to enclose the motors in metal cases and arrange for ventila- 
tion by bringing in air from outside the mill, providing a 
draught by conducting the warmed air, after it passes through 
the motor, through other pipes to a point outside the mill. 
It is only in special rooms that such precautions are needed, 
in the majority of cases it is sufficient to simply place the 
motor in the most convenient position for the work. 

The question of arrangement of motor drives is all 
important, and upon this depends to a large extent the 
economies to be etTected. In the case of altering an old 
mill from mechanical to electrical drive, there is often little 
choice. The machines are all fixed in place, and a condition 
of the changeover is that the working of the mill shall not 
be interfered with. Group driving is, therefore, a necessity, 
and the only thing to do is to choose the best positions for 
the motors, and subdivide the shafting to suit. When new 
mills are equipped there is more choice, and the machines 
may be grouped together or run separately as deemed most 
desirable. 

The machinery to be driven in a spinning mill divides 
itself into five classes ; — 

There are, first, the machines in the preparation room for 
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opening up and cleaning the raw cotton. These machines 
take on an average 4 to 6 B.H.P., run at fairly high speeds, 
and are generally arranged in groups run from one motor by 
countershafting and belts, though it is only questions of cost 
which prevent the use of separate motors for each machine. 

The next group are the carding room machines. These 
machines require about J of a H.P. per machine, or about 
8 B.H.P. for ten machines. Their speed varies from 160 
to 180 revolutions per minute, and the load is a fairly steady 
one. Separate driving has been tried, but the cost is 
prohibitive, and it is now usual to group the machines and 
connect them through shafting running at a speed of 500 to 
600 revolutions per minute direct coupled to a motor, or, at 
" most, connected to it through single spur gearing. 

The intermediate machines come next. These prepare 
the cotton for spinning. They generally contain from 180 
to 200 spindles, and require about 3 B.H. P., the driving shaft 
running at about 300 to 400 revolutions per minute. The 
speed, of course, varies with the work, and for any particular 
count is a constant. It is very important that a given speed 
shall not be exceeded, as any undue strain causes breakages. 
Here again judicious grouping arrangements with overhead 
motors and comparatively short lengths of light shafting 
running at high speeds are advisable. Frequent stops are 
necessary and are obtained as at present by shifting the 
machine belt from the fast to the loose puUey- 

The actual spinning is either done on mule or ring 
spinning machines. The mule machine is the older form, 
and for some classes of work it is still the favourite, though 
a mill usually contains both types. 

The mule machines form a very variable load, and for 
this reason are always run in groups. The machines are 
about 130 ft. long, contain 1,300 to 1,400 spindles, and 
require an average of about 12 B.H.P. to drive them. In 
a complete draw of a self-acting mule machine lasting fifteen 
seconds, the power required may vary from 30 B.H.P. as 
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a maximum for a second or two to about 2 or 3 B.H.P. 
for the greater part of the time. The machine during this 
period starts from rest, attains its maximum speed of about 
7,500 revolutions per minute, and again comes to rest. 
One of the operators controls the speed by moving the 
machine belt to and from the fast and loose pulley. In 
order to equalise the load it is usual to group the machines 
tirst in pairs, and then, through transverse shafting, to run six 
or eight pairs of machines from a 150 to 200 B.H.P. motor. 

This plan provides plenty of power as a reserve, for it 
rarely happens that alt the machines require their maximum 
power at exactly the same time. 

Ring spinning machines are preferred for certain classes 
of work, and are usually operated by female labour. They 
are about 45 to 50 ft. long, and carry 400 to 500 spindles. 
The speed at which they run varies with the class of work 
between 650 and 1,000 revolutions per minute, and the 
spindles per horse-power also vary between about 120 
spindles for 700 revolutions per minute to 60 spindles for 
1,000 revolutions j)er minute. An ordinary speed is about 
800 revolutions per minute when the number of spindles 
per horse-power is about 90, and the horse-power required 
per machine is about 5 B.H.P. 

There has been a great deal of discussion as to the 
advantage of direct or group driving for these machines, 
and though there are several successful instances of group 
driving in this country, the use of separate motors either 
for each machine or pair of machines is becoming general. 
Thus at the Acme Mills, Pendlebury, the British Thomson- 
Houston Co. use a 150 B.H.P. motor bolted to the ceiling 
and direct coupled to the line shaft. This drives the ring 
frames through ropes. In other cases, however, the same 
firm have adopted se|>arate driving. 

Great care has to be taken both with ring spinning frames 
and looms in applying the direct drive of the electric motor, 
since the slightest sudden tension on the thread is likely to 
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cause breakage of some of ihe strands. Messrs Siemens 
have devoted a great deal of attention to this matter, and 
have developed three arrangements for the purpose. 

The first is a 
short belt drive 
with a spring belt 
tightener; this is 
shown attached to 
a loom in Fig. 57. 
It is the cheapest 
of the three ar- 
rangements, and is 
satisfactory for 
ordinary classes of 

In the second 
method, which is 
illustrated in Figs. 
58 and 59, the 
motor is bolted to 
a cast-iron frame, 
and the motor 
axle has a raw- 
hide or gun-metal 
pinion keyed to it, 
which gears into 
the toothed rim of 
the slipping coup- 
ling, the inner Fig. 58. — Induction Motor titled for driving 
portion of which ^^'"6 ^'^i"*^ °' L""'" through F"ciion 

is rigidly fixed to Coupling, 

the loom or spin- 
ning frame shaft. The two are connected through a friction 
band, which can be adjusted by the spring to any tension. 
Should any excessive load occur, or should the loom or 
frame be stopped suddenly at any time, the tension on the 
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band is relaxed, the band will slip and allow the motor 
to gradually stop witbout moving the loom or frame or 
spoiling the fabric and breaking the threads. In Fig. 59 the 
same arrangement is shown fitted to a loom. 

There is a third arrangement in which a centrifugal 
coupUng is used in place of the friction band, which cuts 
in when the motor reaches about 90 per cent, of its normal 
speed. It is stated that as in this case the motor always 
starts light, it may be of smaller size than if it had to start 
the loom or machine up from rest, while the cutting in is 
at the same time free from shock. 

The position of the motor in the frame is adjustable to 
permit of the use of different sized pulley wheels, and so 
allow with squirrel cage induction type motors a choice 
of speeds for various classes of work. 

With ring spinning frames a cycle of operations takes 
about fifteen minutes, and if it is possible to vary the motor 
speed to suit the successive stages of operation, the quality 
and quantity of the thread can be improved. With the 
usual mechanical drive the speed of the machine is suited 
to the count of the thread being made by altering the 
pulleys, while the regular speed of ihe machine is limited 
by the number of breaks of the thread. 

When separate electric motors were used, efforts were 
at once made to use variable speed motors in order to 
take advantage of the maximum speeds permissible during 
the various stages of the run. 

Direct current motors have been tried with some success, 
but direct currents are seldom obtainable in a textile mill, 
and to convert from alternating to direct currents introduces 
complications and additional machinery it is best to avoid. 

Three-phase induction motors of the slip ring type with vari- 
able resistance in the rotor circuits are sometimes employed. 
This is uneconomical electricallyand inconvenient practically, 
as the regulating resistances get hot and special precautions 
have to be taken to dissipate the heat thus produced. 
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Fortunately the single-phase commutator repulsion motor 
admirably meets the requirements. As mentioned in 
Chapter II. (page 54} this class of motor has at low 
periodicities met with much success for traction work. 
Both Messrs Siemens and Messrs Brown, Boveri, & Co. 
have overcome Che troubles which hitherto have prevented 
its use on 60 ~ circuits and have developed sizes which are 
specially intended for ring spinning frames. In appearance, 
these motors resemble ordinary direct current machines. 
Messrs Brown, Boveri have standardised an 8 B.H.P. 
machine running at about 900 revolutions per minute. 
These motors have a high starting effort — about four times 
full load torque— so that the frames are very quickly 
brought up to full speed. The speed can also be varied 
without introducing resistances, by simply moving the 
brushes on the commutator. This can be arranged to be 
done automatically by the movement of a bar which rests 
on the cop of yarn and varies the speed of the motor, so 
that the tension on the yarn as it leaves the nip of the roller 
is maintained constant whatever the amount of yarn on the 
cop. By thus keeping the tension on the yarn constant, 
the output of frames have been increased up to 15 per cent., 
with a better quality product. 

If the general supply to the mill is on the three-phase 
system, these motors may be placed — balanced as far as 
possible — on the separate phases. 

The extent to which variable speeds will affect the output 
of ring spinning frames is shown by the following experi- 
ment which was made by Messrs Brown, Boveri, & Co. on 
a machine having a normal speed of 650 revolutions per 
minute. They found it was possible to divide up the 
spinning time as follows without any increase in the 
number of breaks : — 

Starting the motor . 0-550 revs, per min, 3-5 seconds. 
Starting period . 550 „ 2 minutes. 

Main spinning period 78.7 „ 10-12 minutes. 



DigiLizedbyGoOglc 



226 



ELECTRICITY IN FACTORIES- 



Finishing period 785-600 revs, per min. 2 minutes. 

Stopping the motor 600-0 „ about 5 seconds. 

The average speed of the motor during the whole 
spinning period was about 730 revolutions per minute, an 
increase of about 11 per cent, on the rated speed of the 
machine for thai particular class of work. 

General experience confirms the conclusion that it is 
possible to considerably increase the average speed, and 
therefore the output, of the machine without increasing the 
number of breakages of the thread. 

In the weaving sheds we 6nd various classes of winding 
machinery in addition to the looms. 

These are generally arranged for group driving, a motor 
bolted to the ceiling driving through belting several 
machines. The looms present an interesting problem. 
They vary in size, and the power required varies not only ■ 
with the size but also with the class of work they are doing. 
The smaller sizes only require about ^ H.P., and the larger 
ones IJ to 2 H.P. 

Messrs Siemens have got outacomplete range of ihree-phase 
motors specially for this class of work, particulars of which are 
worth noting, as they show how compact small motors are: — 





Motors with Starling Torque 


Motors with Slarting Torque ' 


Output. 


equal lo Twice Normal 







Kunning Torque. 


Normal Running Torque, i 


Kevotuiions 




Revolutions 


B.H,P. 




Net Weight. 


per Minute, Net Weight. 




50 ~. 




.W-. , 






lbs. 


lbs. 1 


■25 


900 


62 


910 62 


■33 
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71 


930 71 
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920 


78 


940 78 1 
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940 
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There is no doubt that for high-class and delicate work 
this system of separate drive has many advantages. At the 
same time it is somewhat expensive in first cost, and manu- 
facturers will probably in many cases decide that for ordinary 
work group driving will meet their requirements at a lower 
first cost. 

A good example of group driving is shown in Fig. 60, 
which represents one of the weaving sheds at the Heasand- 
ford Mills, Burnley. This was carried out by Messrs 
Mather & Piatt. Here, in the weaving shed they have 
twenty-three lines of shafting twenty-one of which each 
drive a double row of thirty-seven looms. Each line of 
shafting is driven by a 25 B.H.P. motor through spur 
gearing consisting of raw-hide pinions on the motor axle 
gearing into cast-iron gear wheels on the countershaft. The 
two end shafts only drive single rows of looms and have 
only 14 B.H.P. motors. There are thus 1,628 looms and 
a total of 553 rated H.P., or an average of about three looms 
per H.P. The motors are of the squirrel cage type and ihe 
starting switches are placed on the wall directly under their 
respective motors. 

In the dyeing and finishing sheds the conditions are 
quite different. The machines used in the various processes 
are individually of a much larger size, and independent 
control of speed through a wide range is in most cases 
essential. Here direct current motors are very suitable, and 
are often employed, the arrangements and methods of con- 
trol being similar to those used in connection with printing 
machinery. 

Cost of Working. 
The question of cost considered in regard both to capital 
outlay and cost of maintenance is all-important. It is 
difficult to give details of the cost of fitting mills for 
mechanical driving since the conditions vary in every case, 
but an average allowance of 2-9s. per spindle in a 100,000 
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spindle mill for the provision of boilers, main engine, the 
necessary buildings, the rope race, and the main and 
countershafting is not an excessive amount. This means 
an outlay of ;£14,500 on a mill of this size where both 
mule and ring frame spinning is carried on. 

The main engine would be capable of indicating up to 
1,600 I.H.P., the load under ordinary conditions, as 
ascertained by indicating the engine, being about 1,450 
I.H.P. An indicator diagram of a mill of this size taken 
when no work was going on gave 550 I.H.P. as the light 
load loss so that the approximate power used in the 
machines themselves was 900 I.H.P. 

The usual factory hours per week are fifty-six, and the 
mill runs, excluding holidays, say fifty weeks per year, so 
that the annual working hours may be taken as 2,800. 

The following would be the approximate annual cost of 
working foL such a milt, the figures including the wages 
or a man to examine and oil the shafting bearings in the 
various parts of the mill, and the oil used for this 
purpose: — 

Fuel, at 2 lbs. per I.H.P. hour for working 
and an allowance of 6 tons per week 
for banking fires Tons. 

1,450x2 lbs. X 2,800 hours 



2,240 
Allowance for banking fires 
= 6 tons X fifty weeks = 



= 3,625 



3,925 



3,925 tons of coal at 9s. per ton - -^£1,766 

Allowance for Oil, Wasie, Water, and 
Stores, condensing water supplied fron) 
mill pond, say in all average of ;£3. 10s. 
per week 175 



Carried forward - - ;£1,941 5 
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Brought forward - - £\M^ 5 



One engineer -£^^ per week 

One fitter-driver - 1 15 „ 

One oiler - -15 „ 

Two stokers al 25s.- 3 10 

Fifty weeks at £^ 10 „ 425 

Allowance for Repairs, say at rate of — 

2 per cent, on buildings, say 

;^2,000 . - - - £\^ 

3 percent, on balance, say ^^12,500 375 

415 

Allowance for Interest and Deprecia- 
tion ON Capital Outlay at rate of 10 
per cent, per annum on ;^14,500 - - 1,450 



;^4,231 5 



Tlie approximate cost of equipping a works' generating 
plant with one turbo-alternator capable of developing 
800 K\V. as a continuous normal load, which would be 
practically the electrical equivalent of the above plant, 
is ^11,000 (see page 171). 

To make the case comparable wilb the above mechanical 
drive installation, we must add the cost of the cables to the 
various floors, the motors with their starting gear, and what 
shafting and accessories are necessary for driving the various 
machines. This can, of course, only be taken at an average 
figure, but allowing for a certain proportion of the ring 
frames to be driven separately, the sum of ;£3,750 should 
cover the outlay. 

The total cost of the electric drive applied to a new mill, 
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if one generating unit is provided, may be taken as ;^11,000 
+ ;^3,750, ora totalof j£l4,750, while if it is felt necessary 
to provide duplicate generating plant, the cost will be 
;^13,O00 + ;£3,75O, ora total of;^16,750. 

It is difficult lo estimate the average load, but even 
assuming that the motor and shafting losses equal the 
losses under the mechanical drive, which is unlikely, the 
average load will not exceed 800 KW., making the weekly 
output 44,800 units (see page 171), and the annual output 
for fifty working weeks per year 44,800x50 = 2,240,000 

The average cost per unit generated at this output and 
under these conditions has been shown on page 172 to be 
0'417d. per unit with one generating unit and on page 175 
to be 0'470d. per unit if spare plant is installed. 

The total annual cost of the electric drive, including 
attendance, repairs, and interest and depreciation charges 
on the capital cost of the motors and accessories, will 
be;— 



(a.) With One Generating Unit. 

Energy, 2,240,000 units generated at 

0-417d. per unit ■ - - ;£3,892 

Allowance tor Oil and Waste for 

motors and countershaft bearings - 25 

Allowance for Attendance, say one 
man (one-third time) at ^£1. 5s. per 
week fifty weeks per annum - - 20 1 

Allowance for Repairs at rate of 

3 per cent, on ;£3,750 ■ - . 112 ] 

Allowance for Interest and De- 
preciation at rate of 10 per cent. 
per annum on ;£3,750 - - - 375 



Annual c 



;^4,425 6 
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{6.) With Two Generating Units (One Spare). 

Energy, 2,240,000 units generated at 

0-47O(i. per unit - - - ^4,386 13 4 

Allowance for Oil, Waste, &c., as 

above 25 

Allowance FOR Attendance, as above 20 16 8 
Allowance for Repairs, as above - 112 10 
Allowance for Interest and De- 

I, as above - - - 375 



Annual cost - ;^4,920 



These figures show that the approximate relative annual 
costs of working with the mechanical and electrical drive 
under similar conditions, that is, using one generating set, 
would be : — 

Mechanical drive - - - - ^4,231 5 
Electrical drive 4,425 6 8 

showing a saving in favour of the mechanical drive of 
;^194. Is. 8d., or about 4J per cent. 

If it is deemed necessary to divide the electrical generating 
plant into two sets, one of which can be used as spare, the 
comparison becomes : — 

Mechanical drive .... ^^4,231 5 
Electrical drive .... 4,920 

showing a saving in favour of the mechanical drive of 
j£688. 15s. Od., or about 16^ per cent. 

So far, therefore, as actual cost of working is concerned, 
the mechanical drive has the advantage. The figures show 
that it is in the direction of improved quality and the increased 
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quantity of the Rnished product that the justitication for any 
change of method of working must be found. It is very 
probable that, as to a certain extent separate driving is 
allowed for in the above capital outlay of ^£3,750, the 
number of units required would be lessened, and the total 
cost for electric energy reduced. 

When it is remembered that the cost of power in a textile 
mill is only about 3 to 5 per cent, of the total cost of manu- 
facture, it will be realised that an improvement in quality 
and quantity of the finished product will soon more than 
counterbalance the small increase in the cost of producing 
power, and will exert a very favourable influence on the 
annual balance- sheet. 

The ease with which electric energy can not only be 
measured but, by the use of recording instruments, can be 
automatically registered is of great use in maintaining a high 
rate of efficiency in the working of the mill. Comparisons 
of records taken on the same sets of machines at different 
times will do a great deal to locate waste of power, and 
enable faults to be remedied before they have had time to 
seriously affect the cost of working. 

The question of the purchase of energy from an outside 
source, in place of generating it on the works, has already 
been partly dealt with (see page 199). It was there shown 
that under the stated conditions, namely, an average toad of 
800 KW. and a maximum load of 850 KW., the average 
price per unit on a tariff of £i per KW. of maximum 
demand plus 0-25d. per unit would be 0-60d. per unit 
as compared with 0417d. for the self-contained plant with 
one generating unit, or 0-470d. with the two generating 

For a load of this character it would, however, in all 
probability be possible to obtain a rate of 0-50d. per unit, 
or even lower, especially when coa! is taken at the price of 
9s. per ton, as in these calculations. 

The total cost of working if this is the case will be : — 
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f Electric energy, 3,240,000 units purchased 

' at 0-50d. per unit . - . . ;£ 4,666 13 4 

Othek CHARGts AS BEFORE (page 232) — 
j Oil, waste, &c. . . - . 

Attendance . - . . 

\ Repair allowance 

I Interest and depreciation allowance 

;£5,200 
Cost with works generating plant with 

ONE SET - 4,425 6 8 

Difference - - £77i 18 4 
It must, however, hh remembered that if 
the energy is purchased, the ;£1 1,000 
which would have been spent on gener- 
ating plant can be invested in directly 
I productive machinery, and it only needs 
I this sum to earn a profit of 7 per cent. 
per annum to equalise, even so far as 
cost is concerned, purchased, as against 
generated energy on the conditions 
specified ;£770 

Each one-hundredth of a penny {O^Old.) by which 
the price of electric energy was reduced, would make 
^93. 6s. 8d. difference to the cost of purchasing power, if 
the same number of units were required. Furthermore, 
the manufacturer would have the whole of the power 
station spare plant as an insurance against failure of supply, 
extensions could be easily arranged, and any reduction in 
the demand due to increased works efficiency would be 
directly reflected in the charge made by the power company 
for energy supplied. 

As power companies are usually willing that an amount 
not exceeding 20 per cent, of the total energy taken may be 
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used for lighting purposes, there is a further advantage in 
thus securing the lighting units at the same rate as the 
power supply. This ensures a lighting supply at all times, 
without reference as to whether the main engine was 
running or not, and, if the mill were previously lit with gas, 
would show a considerable economy. 

Against these savings must, however, be placed the 
extra cost of providing steam for heating the mill in 
winter, and when necessary humidifying the air used in 
some parts of the miU. The steam for this purpose is often 
obtained from the works steam plant, and if this is dispensed 
with, a separate low pressure boiler must be provided, and 
some one detailed to give it the necessary attention. 
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CHAPTER XI. 
ELECTRIC POWER IN PRINTING WORKS. 

The Special Needs of Printing Machineiy — How a Direct Cuiient 
Molor meeis ihese Requirements — AUeroaiive Methods of Driving 
— Group Driving and Separate Motors — Improved Output with 
Electric Drive— Aptomatic Controllers for Flat Bed Presses- 
Newspaper Printing — Various Systems of Control in Use. 

There are few industries in which the ativanlages of the 
electric drive have been more generally appreciated than 
in printing establishments. It is now used by many of 
the leading firms, and its adoption by others is largely a 
question of time and convenience. 

This is not to be wondered at when one remembers that 
the great need of printing machinery is varying speed under 
complete control. When making ready it nmst be possible 
to move the paper "inch by inch" as well as to run slowly 
while taking trial sheets, and then the machine must be 
worked at the highest speed permitted by the class of work 
being done and the paper employed. The start should take 
place without jerking, and the acceleration should be uniform, 
and the machine must be capable of being stopped immedi- 
ately should it be necessary to do so. In small works the 
load factor is necessarily low, there are only a few machines, 
and as setting up the type and making ready take up far 
longer time than actually printing off, the time during which 
full power is required is comparatively short. 

The direct current motor supplied with power from an 
outside source fuliils the above conditions better than any 
Other prime mover. It is compact, and may if desired be 
applied to each individual machine, making it a self-con- 
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tained unit taking power only during the period of work, 
and an amount practically proportional to the work being 
done. The electric motor is reliable, in its modem forms 
it rarely breaks down, and it requires practically no attention. 

The shunt wound motor Tulflls many of the requirements 
of printing machinery and is generally employed, except for 
flat bed presses where compound wound motors are prefer- 
able. This is due to the fluctuation of the toad caused by 
the periodical reversal of direction of movement of the bed 
of the machine. The series coils strengthen the magnetic 
field at the moment of reversal and so increase the torque 
and the rate of acceleration. By thus decreasing the range 
of current which would otherwise take place at the moment 
of reversal, a saving of energy, often amounting to 5 to 10 
per cent, over shunt wound motors, is obtained, while the rate 
of working is not affected. 

Shunt wound motors under normal conditions run at 
practically a constant speed, while they are capable of being 
easily controlled throughout a very wide range of speed. 
This is often done by choosing a motor to run at its normal 
speed when driving the machine to which it is connected at 
its standard speed. Regulation from this speed downwards 
is usually done by inserting resistance in the armature circuit, 
and above this speed by weakening the field by insetting 
resistance in the shunt circuit. It should be remembered 
that while regulation of speed by varying the field strength 
is convenient and economical, its wide application means the 
employment of a large motor for the work, and consequently 
increases the capital outlay. The range of control and the 
number of steps into which it is divided are matters of 
arrangement, they can be made to suit any requirements, 
15 to 20 per cent, increase of speed in this way is very 
usual. 

With larger machines, when separate driving is adopted, 
overhead shafting is entirely dispensed with. This not only 
removes a great source of energy loss, but what is very 
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important, makes the shop lighter and brighter, and so con- 
duces to better work. If necessary it is easy with the electric 
motor to arrange to short circuit the motor on itself in case 
of an emei^ency, and so provide a very effective brake 
which will enable the operator to stop the machine at once 
if necessary. 

It is also possible to arrange stops and switches on different 
parts of either rotary or flat bed presses from which the motor 
may be completely controlled. 

The alternative to an electric motor is either a steam or 
gas engine driving the machines through shafting with belts 
down to the various machine pulleys, or a steam engine 
independently coupled to a rotary press. A belt drive to a 
rotary press will give trouble unless the inevitable jar on 
starting is toned down through some form of friction clutch, 
as the jerks due to throwing the papier on and off break the 
paper. It is the possibility of an easy start and complete 
control which makes electric driving so popular in the print- 
ing shop. 

For flat bed presses, where this question does not arise, 
fast and loose pulleys and striking gear are fitted to each 
machine, and the small movements necessary during the 
making ready periods are obtained by suddenly moving 
the belt on and off the main pulley. The pulley ratios are 
arranged for the best working speed of the machines, and 
sometimes step or cone pulleys allow several speeds to be 
used, but the speed adjustments have to be made while the 
machine is stopped. 

In addition to the losses which the shafting and counter- 
shafting inevitably cause, especially in large works, there are 
the long periods to be considered during which only one 
or two of the machines are working. As already explained, 
gas or steam engines running lightly loaded are very un- 
economical, and the expense of thus keeping the machinery 
ready to run is considerable. 

It is sometimes possible to subdivide the load, and by 
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using two or three gas engines to reduce the amount of idle 
shafting running, but at best the losses are heavy, the large 
amount of overhead shafting is a disadvantage, the cost of 
maintenance and repairs is considerable, and the extra noise 
of the shafting and engines is an annoyance. 

It will be evident from the figures given in earlier chapters 
that the electric drive will certainly be cheaper than its com- 
petitors, if power supplied as direct current can be pur- 
chased at a reasonable rate — say at one penny per B.O.T. 
unit — from an outside source. If the price per unit is above 
this figure, or if the energy has to be generated on the works, 
it is necessary to consider the conditions of each case before 
coming to a definite decision as to relative cost. The 
saving is increased in the case of purchased energj' by the 
many occasions on which it is necessary to run one or two 
machines overtime in printing works, while, if care is taken 
in grouping the auxiliary machines to class together those 
which are likely to be required for overtime work, con- 
siderable further economies can be secured. 

Owing to the need for speed control within such wide 
limits direct currents are most suitable for use in printing 
works. There are several ways of controlling the speed of 
induction type alternating current motors, but they are not 
economical, and under ordinary circumstances should be 
avoided. There is, however, every probability that single 
phase commutator type motors will soon be adapted for 
printers' requirements, and so any disadvantage of an alter- 
nating current supply will be removed. 

The machines used by printers vary considerably both in 
size and in character. The small machines such as cutters, 
rulers, and binders may only need from ^ to 1 H.P, ; an 
ordinary flat-bed press rarely requires more than 5 to 6 H.P. ; 
while some of the large rotary presses used for printing news- 
papers may need 50, or even 80 H.P. to drive them. 

There is a tendency on the part of some printers Co use 
electric motors for the large machines which require separate 
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motors, but to group the auxiliaries together and employ 
a gas engine to drive them. If electric energy can be 
purchased at a reasonable rate, there are few cases in 
which it would not prove most economical to rearrange 
these small machines into groups and employ electric 
motors. The power required per machine rarely exceeds 
1 H. P., and six or seven machines could usually be arranged 
with a reasonable amount of shafting, when a 4J or 5 B.H.P. 
motor would be large enough to drive it. As only constant 
speed would be required, only a starting resistance and switch 
is needed. The motor chosen should be of the enclosed 
protected type and shunt wound, and it may be bolted to 
the wall or ceiling, thus avoiding taking up valuable floor 
space. 

The printing presses themselves, and often -even the 
smaller platen machines, are usually driven from separate 
motors. This is done for two reasons, one the intermittent 
character of their running time, and the other the advantage 
of having separate speed control. When each machine is a 
self-contained unit it can be worked at the maximum output 
permissible for that . particular machine, and not at the 
average speed determined by the speed of the shafting. The 
effect of this change is shown by the fact that in a number 
of instances the output of the works has increased '20 to 25 
per cent, as the result of the change from gas engine to 
electric driving. 

In printing works it is specially important ihat only the 
best types of starting and regulating switches and resistances 
should be used, and that they should be amply large 
enough for their work so that they do not become over- 
heated. For constant speed motors any of the starters 
described in Chapter III. may be used, and in some 
instances controllers of the drum type with ample provision 
for shunt regulation are employed for the speed control of 
those motors which drive the separate machines. 

In many cases, however, particularly with flat bed presses, 
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something more is reqaired. It is necessaiy during the 
preparing process that the attention of the opnators should 
be concentrated on the machines, and that it should be 
possible to start, stc^ or "inch" the machine without 
moving away from the " formes " ; moreorer, this control 
must be certain, as any failure to act might result in a 
serious accident to the operator. It should also be impos- 
sible for any one to start a machine without the knowledge 
and consent of the operator. It is therefore becoming 
more general to use in printing work some form of elec- 
trically controlled starter which will allow (he operator to 
start the machine at its slowest speed as well as (o stop 
it immediately without moving from his position on the 
machine. I'he whole apparatus must be so strongly made 
that constant operation during the preparing process will 
not injure it, and it should be so designed that, on the 
stoppage of the motor from any cause, the switch arm will 
return to the starting position with all resistance in circuit. 

A successful automatic starter of this ty|>e is that designed 
by Mr Frank Broadbent which is made by the Adams 
Manufacturing Co. Ltd. This is iUustrated in Fig. 61 and 
is typical of this form of apparatus. The main switch is 
shown at the top right hand of the slate base. Underneath 
is a switch arm controlled by the solenoid plunger which 
regulates the resistance in circuit with the motor. The 
dashpot prevents this arm being moved too quickly. The 
solenoid is energised from the power mains by a separale 
circuit to that operating the motor and is taken to the 
several points of remote control on the machine. As the 
current is very small this control wire is also of smalt size. 
At these control points small switches, usually of the push- 
button pattern, are mounted on the machine. Closing any 
one of these switches will energise the solenoid and start 
the motor. 

For stopping the motor another circuit is taken from the 
terminals of the holding down coil, to the various control 
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Fig. 61.— The Broadbent Automatic Motor Control Switch 
for Printing Machines. 
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points and there connected to separate push-button switches. 
Pressing any one of these, short circuits and demagnetises 
the holding on coil, releases the main switch, stops the 
motor, and the fall of the solenoid core by gravity causes 
the switch arm to return to its starting position. 

"Inching" the machine is effected by closing first one 
of the starting push-buttons and then one of the stopping 
ones, and can be carried out to any extent without moving 
away from the machine. 

The closing of any of the starting push-button switches 
on starting the motor, energises 
the solenoid which attracts the 
solenoid core and lifts the lower 
switch, thus inserting all resist- 
ance in the armature circuit. 
When this nears its final position 
the pointer, fixed at right angles 
to the switch arm, presses against 
the main switch and moves it 
towards the holding on coil, at 
the same time completing the 
field circuit of the motor as soon 
as the main switch arm passes 
f u. L' ui o. 1 J over the first contact. The 

Fig. 62.— Kohler Standard , . , . 

ConttoUer for Flai Bed solenoid remains energised until 
Press. the fields of the motor have had 

time to excite and the holding 
down coil is able to keep the main switch in position. 
The passage of the main switch over the contact pieces 
towards the holding on coil completes the armature 
circuit and starts the motor. The arm connected to the 
main switch now moves the spring contact shown at the 
top of the switch and breaks the solenoid circuit. The 
plunger now begins to fall but is prevented from moving 
too fast by the dashpot. In its fall it gradually cuts out 
of circuit the motor resistance and allows the motor 
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to reach its normal speed. Any further adjustment of 
speed by insertion of shunt resistance is done by hand, the 
shunt resistance being interlocked with the starting switch 
so that it cannot be operated until the whole of the arma- 
ture resistance is cut out of circuit. 

Another successful automatic starter is that illustrated in 
Fig. 62, and made by Messrs Kohler Brothers. 

It is mounted in front of the wire resistance, and the 
complete controller may be placed in any convenient position 
on wall, post, or ceiling, right away from the press. 

The entire control is automatic, and is carried out from 
the push-button switches. Two of these switches are usually 
provided, one placed at the feed board, and the other at the 
delivery end of the machine. These switches have four push- 
buttons marked respectively, "on," "off," " run," and "safe." 

When the "on" button is pushed the machine starts 
slowly, and gradually accelerates up to full speed. Pushing 
the " off" button reverses the action, and the machine slowly 
stops. When the " stop " button is pushed the machine is 
stopped at once, and cannot be restarted until the " run " 
button has been pushed in. 

A locking device is also provided which can be set for 
any given output per minute, so that the press cannot be 
worked at a faster rate without the foreman's knowledge. 
This is useful in ensuring uniform work. 

The usual overload preventer and no-load release coils 
are fitted on the |>anel. 

The principal advantages of this form of controller are 
the complete automatic control over all the operations of 
the machine, freedom from sparking contacts, and increased 
safety to the worker on the machine. Misuse of the con- 
troller itself is avoided, because the operator uses the push- 
buttons only, and does not require to touch the controller 
switches. 

The question of what speed motor to employ for any 
given machine depends upon custom and circumstance. 
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Some people prefer medium speed motors geared either 
through belting or raw-hide pinions to the individual 
machines, whose main shafts usually run at from 100 to 120 
revolutions per minute. Others prefer slow speed motors 
coupled direct to the machine main shafts. Both methods 
will give satisfactory results, the latter being the more 
expensive in first cost. 

In newspaper work, the conditions to be met differ some- 
what from those prevalent in ordinary printing shops. A 
rotary press taking 50 B.H.P. will turn out about 45,000 to 
50,000 eight-page papers per hour. The periods of actual 
printing are very small, for the greater part of the time the 
machine being either idle or being " prepared." It is 
necessary to provide for even acceleration and slow starting 
movements, for stopping arrangements which can be relied 
on to act immediately, and also for working during the 
actual printing period at the maximum rate the paper will 
allow. It must also be possible to move the plates through 
fractional parts of an inch while setting up, and whatever 
the variation in speed of the machine, to avoid any jar which 
would break the paper. There are a number of methods of 
control in successful use in the different newspaper ofiices, 
the principal ones being outlined as follows : — 

A. The Holmes-Clat worthy system, which has been 
installed by Messrs J. H. Holmes & Co. in over forty large 
newspaper printing offices, including The Times, The Daily 
Mail, and The Daily Chronicle. In this system two motors 
are provided, a large one capable of doing the whole of the 
work, and a smaller high speed motor placed at right angles 
to the main motor, and connected to its axle through a worm 
gear and clutch. When starting and running at slow speeds, 
the smaller motor alone is used. As the controller handle is 
moved on, the current is switched on the larger motor circuit 
and off the smaller one, the clutch is thrown out so that the 
smaller motor is disconnected, and further regulation of 
speed is obtained by introducing resistance into the shunt 
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circuit of the larger motor. In this way, a satisfactory 
control throughout a wide range of speed is obtained. 

B. The Scott system, with which the firm of Laurence, 
Scott, & Co. Ltd. is associated. This is used in The Standard, 
The Daily News, The Star, The Birmingham Daily Post, 
and other offices, and is noteworthy for its simplicity. Only 
one motor is used direct coupled to the press shafting, and 
all r^ulation is obtained by means of resistances placed in 
its shunt circuit. In a standard 40 B.H.P. equipment, 
driving a Hoe three-rolrpress at 200 revolutions per minute, 
and printing 24,000 twelve-page copies per hour, there are 
thirty-five steps on the controller. The first steps start the 
motor at very low speeds, 4 or 5 revolutions per minute, and 
this may be gradually accelerated up to 250 revolutions per 
minute. One advantage of this method is that the rate of 
acceleration is steady throughout the whole range, while 
another is that the speed at any particular step of the con- 
troller is the same whatever the load. The operators find 
this a very useful feature, and though Che motor is large and 
expensive at the outset, reports as to its reliability in actual 
use are very satisfactory. 

C. The Bergman n -Burke system of the Bergmann Co, 
of Berlin, for whom Marples, Leach, & Co. Ltd. are the 
British agents, is used by The Standard, The Daily News, 
Tke Edinburgh Evening Neivs, The Northirn Daily Tele- 
graph, and others with satisfactory results. Two motors 
are employed mounted on the same shaft, one series and 
the other shunt wound. Variations of speed from one- 
twentieth of full speed up to full speed are obtained by 
varying the connections of the two motors to the line, the 
lower speed being found slow enough for use when pre- 
paring the " formes." The motor armatures are first placed 
in series, and later, as the speed increases, in parallel with 
each other. Variations in the strength of the field magnets 
and in resistance placed in the armature circuits permit of 
as fine a regulation of speed as desired. Though somewhat 



DigiLizedbyGoOglc 



248 ELECTRICITY IN FACTORIES. 

costly and apparently complicated, all the changes take place 
on successive movements of one conlroller handle. 

D. The Bullock system is also laigely used, amongst 



others in The Daily Mail And The Daily Express offices. It 
consists of a large motor capable of doing the whole work, and 
a small motor generator placed at starting in series with the 
main motor. This motor generator takes a small current 
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from the line, which it transforms to low pressure and 
correspondingly larger current, and supplies this to the 
main motor. The motor then acts as if it were working 
on a low voltage circuit and starts at a slow speed. Control 
is at first obtained by increasing the speed of the small 
motor, and then, by cutting this out of circuit and using 
only the large motor, placing resistance first in the armature 
circuit, varying the speed by cutting this out, the higher 
speed control being obtained in the usual way by weakening 
the motor field. 

The Kohler system has made considerable headway during 
the past year or two. It was used in printing 
The Daily Mail at the Franco- British Exhibi- 
tion, and aroused a great deal of interest. 
The press there shown was capable of 
printing 100,000 eight-page papers per hour, 
and the equipment consisted of two 60 H.P. 
and two 10 H.P. motors, with the standard 
" Kohler " four-motor controller. Each of 
the main 60 H.P. motors were coupled direct Fig. 64.— I'ush- 
to the press-shaft of the machine and an Button Opet- 
auJtiliary 10 H.P. motor was connected to ^^^^ ^^^^^^ 
this press shaft through a worm-wheel and Primiiig''ptes! 
free wheel. ComroUet. 

The auxiliary motor was used for operating 
at slow speed when dressing the press and leading in the 
paper web. The main motor took up the load and overran 
the small motor when operating at printing speed. Fig. 63 
gives a general view of the controller used with this press, 
and Fig. 64 shows the push-button operating switch of 
which sixteen were placed in convenient positions on the 
machine. 

The principal features of the " Kohler " system of control 
are : — 

While putting on blankets or plates the cylinder can be 
brought to any desired point, and moved by eighths of an 
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inch if desired. The speed of the plate cylinders can be 
varied from ten revolutions per minute through niany inter- 
mediate speeds to the maximum speed. There are live 
buttons on each push-button switch, marked respectively, 
" on," " stop," " off," " run," " safe." While a press is being 
made up, and a pressman is working on any part of the 
same, he can push the " safe " button in the switch nearest 
him and it will be impossible for any one to start the press 
until he has pushed the " run " button and so released the 
stop imposed by the "safe" button. To start the motor 
the "run" button is first pushed home, and then the "on" 
button, when the press can gradually be run up to full speed 
without jar or jerk, or can be limited at any moment by 
pushing the "safe" button. To stop the motor gradually, 
the " off" button is pressed, and to stop quickly, the " stop " 
button is used. 

It is thus possible to entirely control the working of the 
press and to fix any limited speed desired from any of the 
control points. This is a great advantage, the even motion 
and freedom from jerks not only increasing the output, but 
preventing the breaks of paper which are so annoying when 
running off the sheets. 

The additional element of safety to workers is also a great 
gain. The press is first started up on the small 10 H.P. 
motor through the worm gearing by pressing the "run" 
button which releases the plunger seen in the centre of each 
starting panel (Fig. 63). This slowly descends, cutting out 
the starting resistance of the small motor. Its descent can at 
any time be arrested by pressing the "safe" button. If 
allowed to descend, the small motor reaches its maximum 
speed, and the large 60 H.P. motor takes up the load, 
leaving the small motor free, until, on the motor slowing 
down, it lakes up the load if only small movements or slow 
motion of the press is required. 

In this way the use of large resistances for the 60 H.P. 
motor running at slow speeds is dispensed with, white 
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perfect control is maintained from maximum down to the 
lowest speeds. 

The other solenoids on the board enable the two pairs of 
motors to be worked separately or in parallel. The main 
switches shown at the bottom right-hand corners of the 
panels are controlled by the " stop " button and the overload 
and no-voltage release. When the main switches open, they 
short circuit the motors at the same time, and by the braking 
action thus introduced bring the machine to rest in a very 
few seconds. 

This method of control is used in the printing offices of 
714* Morning Post, The Mancheiter Evening Chronicle, and 
is now being adopted by The Times, The Daily Mail, and 
The Daify Mirror, as well as some important Continental 
papers. 
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CHAPTER XII. 

THE USE OF ELECTRIC POWER IN 
ENGINEERING WORKSHOPS. 

Need for Careful Arrangement of Electric Motors in Engineering 
Workshops to Secure Economy — How lo Reduce Shafiing Losses 
— Methods of Transmitting Power from Motor to Machine Tool — 
How Motors have Aifecled Machine Tool Design — Savings to be 
Expected from Electric Driving— Portable Tools and their Uses- 
Electric versus Compressed Air Driven Tools — Comparison of 
Cost— Flexible Shafts— Magnetic Drill Posts— Types of Tools. 

The use of electric motors for driving machine tools has 
become the rule rather than the exception, during the past 
few years, in all newiy designed workshops. At the same 
time a large number of existing shops have been changed 
over to electric driving. Probably, however, in no other 
industry is the proportion of cases higher, where the motors 
are so arranged that the possible advantages of electric 
driving are to a large extent thrown away. 

This is, no doubt, partly due to the fact that the works 
manager^while an expert in his own department of 
engineering work^has not the time to study the points 
which govern the economical application of electric driving 
to machine tools. He feels, however, that it is part of his 
duty to deal with any engineering question which may arise 
in the works, and he does his best, often by simply 
subslituting a few motors for the main driving belts for ihe 
shafting in different sections of the shops. The result is, 
that the shafting losses are only slightly reduced, the motor 
losses to a large extent make up the difference, and the 
total power used is much the same as before. 
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Under these conditions the cost of electric driving often 
exceeds that of simply using gas or steam engines. In 
Chapter VI. it was shown that taking a favourable case of 
a small shop where the length of shafting was comparatively 
short, and the losses consequently low, the effect of 
dividing a 10 B.H.P. load between four motors was to 
keep the working cost practically the same during the day 
as compared with a single motor drive, while for driving a 
few tools overtime, the cost of the subdivided drive was 
less than one-half. 

An engineering workshop is naturally a difficult place to 
drive economically, though few engineers fully realise the 
inefficiency of the usual arrangements. Tools are placed 
in convenient positions for work ; shafting, countershafting, 
and gear wheels are added to supply the power ; and it is 
not until changes are contemplated and tests are made by 
indicating the engine with the machinery working and run- 
ning idle thai one discovers that only from 10 to 20 per 
cent, of the total power supplied to the shops is doing actual 
work, the remainder simply representing the losses which 
take place between the engine and the tools. Taking an 
average, these losses amount to 50 per cent, of the total 
power supplied, one-half of which is usually expended in the 
top gear which is fixed for speed changing purposes above 
the various machine tools. 

Mr W. H- Alien, in bis well-known works at Bedford, 
has considerably reduced these losses by driving the various 
tools direct from the shafting, using a cone or sleeve on the 
shaft with a cone clutch, which puts the tool in action 
when wanted. An incidental advantage of this arrangement 
is the ease with which any particular tool can be driven by 
a portable motor should it be desired to work any tool 
overtime without running the main shafting. 

The savings effected by electric driving are largely due 
to the reduction of the time that idle shafting is being run. 
The ideal method of grouping tools is to select those used 
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at the same time, and, as far as possible, place them together. 
In this way the shafting is divided into sections, some of 
which are constantly working nearly fully loaded, while other 
sections are only needed part of the time, and when the 
tools are not at work the motors driving these sections can 
be stopped altogether. 

It is, however, nearly impossible to carry this out in 
modem workshops, for the proper sequence of operations 
in regard to Ihe prepress of the work through the shop 
makes it necessary to group the machines in such a way that 
the easy and economical handling of the work is made the 
first consideration. The cost of power in many operations is 
not more than 10 per cent, of the value of the finished goods, 
in some cases it is barely 2 per cent., while the labour and 
establishment charges may amount to 50 or even 70 per 
cent. Hence any attempt to economise power by the 
grouping of the machines must be done with great care 
and due regard to all the circumstances, as it may often 
prove most economical to be extravagant in the consump- 
tion of power if thereby the cost of labour can be appreciably 
reduced. 

The number of tools which should be run from one 
length of shaft, and thus from one motor, depends on 
circumstances. Where possible, the motor should be placed 
in the centre of the shafting, as this plan enables the size 
of the shaft to be kept small. 

A usual speed for shafting is about 120 revolutions per 
minute, though 150 and even 200 revolutions per minute 
are used in modern mills and workshops. These speeds 
permit driving through belting from motors running at from 
600 to 1,000 revolutions per minute, good average speeds for 
medium sized motors. 

The size of motor required for a number of small tools 
such as lathes, drillers, and slotters, varies with the class 
of work. Mr A. D. Williamson, as the result of a wide 
experience at the various works controlled by Messrs Vickers, 
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Sons, & Maxim, recommended an average of 10 B,H.P. in 
the motor for every 100 feet of shafting. 

Much has been written as to the actual power required 
for individual machines ; this is, of course, dependent upon 
the character of the metal, the size of the cut, and the 
speed of working, and unless full details are given in each 
case the figures are of little use. The ordinary sized lathes 
and tools used in hrassfinishing shops take about g- to § H.P.j 
for steel the pwwer necessary is much greater. 

The medium for transmitting the power from the shafting 
to the machine is nearly always belting; for driving from 
main shaft to countershaft ropes are occasionally employed, 
and quite recently with electric motors, chains have been 
tried with marked success. The special forms of chain, such 
as the Renold and Morse, now on the market, permit short 
drives, and allow ratios of as much as 6 to 1 to be success- 
fully used. The chain speed may be as high as 1,500 ft. 
per minute. The gearing is comparatively noiseless, and 
the motor can be bolted if desired to a wall or girder near 
the shafting to be driven, and so avoid taking up valuable 
ground space. This form of gearing should not be used 
in dusty positions. 

For large machine tools separate motor driving has many 
advantages, the principal one being that it permits the tool 
to work at its maximum output when necessary, and to be 
placed in a position which makes the economical handling 
of the work and the following of a proper sequence of 
operations easy and convenient, thus saving time and labour. 
It also allows any desired variation of speed of working 
without reference to the main shafting or other tools. The 
motor, too, is so compact that it is a comparatively easy 
matter to combine it in the machine design, and so render 
the tool a self-contained unit. It is not possible here to deal 
with many of the applications which have been made of the 
electric motor drive to particular tools. It is sufficient to 
point out that the general design of modern tools is being 
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distinctly modified by the possibility of applying the power 
from the electric motor just where it is required, and 
arranging to control the motor speed to suit the work in a 
manner till now impossible. 

Two examples of motor-driven lathes may be given as 
typical of the trend of modern practice. Both lathes are 
made by the firm of Alfred Herbert of Coventry. In 
Fig. 65 one of their hexagon turret lathes is driven by a 
constant speed motor placed on the floor, and driving 
upwards through an endless laminated leather belt. The 
motor base is hinged, and a screw permits of the adjustment 
of the tension of the belt. The lathe will turn bars 2 in. 
in diameter, having lengths up to 30 in., the pulley running 
at 400 revolutions per minute, and the motor having a full 
load capacity of 7^ B.H.P. In this tool, adjustments of 
speed are made in the tool itself, so that the motor need 
only be large enough to give the normal output at the 
rated speed, and only motor starting switchgear need be 
provided. 

In Fig. 66 we have an example of a capstan form of 
lathe driven by a variable speed motor. The motor is 
mounted on an extension of the lathe bed, and drives the 
lathe through spur gearing. The motor regulator is mounted 
on a pillar at the side of the tool with the handle convenient 
for the operator. In this case a direct current shunt wound 
motor is used, the speed being regulated within a ratio of 
3 to 1 by inserting resistance in the shunt circuit of the 
motor. The motor must therefore be large enough to give 
the required output at its lowest speed. It is necessarily 
more expensive than the constant speed motor, but the 
greater convenience and the almost perfect control which 
the operator has over the speed of the tool, in many cases 
more than compensates for the increased cost. A variable 
speed is a necessity if it is required to maintain a constant 
cutting speed on work of varying diameters. 

In planing machines it is possible, when separate motor 
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driving is adopted, to arrange for the return to be made at 
a much higher speed than the forward run, thus increasing 
the proportion of the cutting time of the tool to the total 
time the tool is being worked. In fact, it is only when the 
practical convenience of the motor drive has been proved 
in daily work, that it is realised what it can do in the way 
of quickening up the speed of working, while at the same 
time maintaining the quality of the finished product. 

The usual method of transmitting the power from the 
comparatively fast running motor to the slow running tool, 
when it is direct connected, is through spur gearing. These 
are made either with ordinary metal, raw hide, compressed 
cotton, or compressed paper wheels, and the gears may be 
either straight cut or morticed. All these may be arranged 
successfully, the character of the work and the permissible 
noise determining the method used in any particular case. 
Gears consisting of one metal and one raw-hide pinion are 
often used, while paper pinions consisting of pressed paper 
working surfaces held in position by metal end shields have 
been introduced with success, and quite recently compressed 
cotton gear wheels have given excellent results. With both 
raw-hide and paper pinions the permissible surface speed is 
much higher than if only metal wheels are used. 

In cases where the power to be transmitted is small, and 
the ratio of transformation high, worm gear may be used with 
advantage. These gears have been improved considerably 
during the past few years, and there are cases where they 
are being used to transmit up to 150 B.H.P. with success. 
To get efficient results care has to be taken with the design 
of the rings and thrust bolts. When well made these gears 
last a long time, but they are expensive. Epicyclic and 
planetary gears are also used for machine tool drives. 

The reliability, compactness, and adaptability of the 
electric motor is fast making it indispensable for heavy 
engineering work. It is being utilised for driving all classes 
of machines, and has, in cases where direct comparison with 
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older methods of working have been possible, been shown 
to have effected great economies. Indeed, Mr A. D. 
Williamson, in a paper read before the Institution of Elec- 
trical Engineers, stated that at the Barrow shipyard of Messrs 
Vickers, Sons, & Maxim, " the actual result of converting the 
works to electric driving was a saving of half the coal bill, 
with an increase in output of over 50 per cent." 

In this paper some interesting figures were given as to the 
effect of the introduction of the new tool steel upon the 
power required for machine tools. 

It was found that working at such a rate that the cutter 
ran for two hours without regrinding, the number of pounds 
of steel removed per tool is about 10 per horse-power. A 
lathe having 36-in. centres, with four tool posts, was found 
to absorb about 10 B.H.P. per tool post when cutting with 
this steel, and a number of these lathes, which had for 
the ordinary steels been fitted with 10 B.H.P. motors, were 
refitted with motors having a normal rating of 30 B.H.P. 
and an overload capacity of 40 B.H.P. 

In special cases the amount of metal removed per B.H.P. 
may be more than double that given above'; the limiting 
factor is the effect on the cutter, and this varies with the 
hardness of each particular specimen of steel. 

The question of what tools should be provided with 
separate motors must be decided on the merits of each case. 
Speaking generally, the following may without hesitation be 
thus arranged : — 

(a.) Tools working intermittently and taking 10 B.H.P. 
or over. 

(i.) Tools requiring a wide range of speed control to give 
maximum output. 

(f.) Tools taking widely varying loads in short periods of 
time. 

Some engineers prefer to use separate motors for all 
machines using more than 5 B.H.P., and for ■special tools 
go down to much lower limits. Others place more reliance 
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for economical working on the careful grouping of tools so 
(hat the minimum amount of idle shafting is kept at work. 
Theoretically, of course, the question resolves itself into an 
equation in which the cost of power, the price at which the 
motors and the necessary regulating gear can be bought, 
and the cost of maintenance, coupled with the interest and 
depreciation allowance which the manufacturer considers 
necessary on his capita) outlay, are principal factors. Practi- 
cally, it is often a question of what capital sum the manu- 
facturer has available at the time of changing over. The 
aim of the engineer responsible for the new arrangements 
should always be to get the most economical result from the 
capital which it is permissible to spend. 

The engineers' requirements as to tools resolve themselves 
into two classes, those in which the tool is fixed and the work 
is brought to the tool, which have been referred to above, 
and the increasing number of cases in which it is more 
convenient and economical to bring the tool to the work. 
Electrically-driven portable tools have recently been much 
improved, and may be divided into two classes. In one 
class the motor is an integral part of the tool, in the other 
the motor is separate, and the power is transmitted to the 
tool by a flexible shaft, or in some cases by ropes. 

Portable tools are chiefly used for drilling purposes, but 
they are also made for tapping, reaming, milling, and similar 
work, where it is difficult, if not altogether impossible, to do 
the work by means of a larger stationary machine. The 
reaming out of holes in ship or girder work where the holes 
do not line out quite correctly for riveting, is a typical 
instance of a case where the use of a portable tool saves a 
great deal of labour. Milling key seats in shafting, boring 
holes in large castings, and grinding irregular surfaces to a 
finish are other operations, which to an increasing extent, 
are being done by electric portable tools. The tapping of 
locomotive stay bolts is another operation which is more 
easily and economically carried out in this way than with 
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the special appliances which hitherto have been considered 
necessary. 

In its application to portable tools electric power has to 
meet a serious competitor, namely, compressed air, which, 
by reason of the longer time it has been in use, has many 
advocates. It may at once be admitted that compressed 
air has many advantages ; it is easy of application, the tools 
are fairly strong, and it enables great saving in the labour 
bill to be effected. In the early forms of electric portable 
tools a good deal of trouble was experienced, due to the 
armatures burning out if the tool stopped, but the improve- 
ments which have been made in later designs have made 
these stoppages almost a thing of the past, and established 
the reputation of the tool as a reliable as well as an efficient 
piece of machinery. 

It should be noted that the transmission and utilisation 
of power by compressed air is inherently uneconomical, and 
it is only the great saving in labour possible by its use, 
which has to a large extent obscured the wasteful nature of 
the transmission system, and permitted pneumatic plant to 
be tolerated. 

The comparative etficiency of the two systems of working, 
namely, compressed air and electricity, is illustrated by the 
following figures obtained in a shipyard on the Tyne ; — 



Sire of Hole. 


Pneumatic Tool. 


Electric Tool. 


Drilling holes 


Required 22J cub. ft. 


Required 3 amperes 


I in. dia- 


of compressed 


at 220 volts = 660 


meter. 


air per minute 
= 4J H.P. 


watts, say 1 H.P. 


DriUing holes 


Required 38 cub. ft. 


Required 4 amperes 


li in. dia- 


of compressed 


at 220 volts = 880 


meter. 


air per minute 
.7iH.P. 


watts, say 1^ H.P. 
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One of the principal difficulties with a compressed air 
installation is to keep it free from leaks. These leaks are 
difficult to find, and may prove very wasteful and expensive. 
Thus, to compress 5 cub. ft. of air to 100 lbs. pressure 
may cost anything between one penny and twopence, and 
this amount may easily leak in an hour through a hole 
barely yj- in. in diameter. The sl^ht noise of the escaping 
air is masked by the other noises in the shops, yet if 
undetected, each such leak may mean about five shillings 
per week loss. 

The relative advantages as regards drilling may be 
seen by the following examples which are based on actual 
costs : — 
, (a.) Drillittg 100 Roles \\ in. diameter through Steel Plates 
3 in. thick in stem of Ship, at Dockyard. 





By Hand. Compressed Air. 


Electricity. 


Cost of power - 
Cost of labour - 


... ! ;^0 3 2 

;^3 2 6 : 18 4 


£<i 10 
17 


Total cost 


^3 2 6 ^^I 1 6 


^0 17 10 



ip.) Drilling 500 Holes 2 in. diameter in Mild Steel Plates 
2 in. thick. 



1 By Hand. 


Compressed Ait. 


Electricity. 


Cost of power - 
Cost of labour - 


\£Zf> "k 4 


;£0 17 

11 3 


£<i 3 10 
10 12 


Total cost 


£Zh 8 4 


;£12 


^10 15 10 



These figures do not include the proportional maintenance 
and interest and depreciation charges which should be 
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added to the compressed air and electricity figures; but 
they show in the first place, the great saving in labour cost 
which may be effected by the use of portable tools of what- 
ever type over hand labour, and secondly, that both as 
regards the cost of power and of labour the electric tool 
has the advantage. In all these cases the cost of power 
for both systems is taken 
on the same basis, the com- 
pressed air system has been 
considered air-tight, and 
the labour has been taken 
at piecework rates for hand 
labour and time rates for 
the other cases. 

Another advantage which 
electric drills possess is the 
possibility of combining 
them with a magnetic drill 
post as shown in Fig, 67. 
This consists of an electro- 
magnet placed in the base 
of the supporting pillar 
which is energised by 
current from the works 
circuit. This, by its ad- 
hesion to the surface of the 
iron or steel plate to be 
Fig. 67.— Electric Drill combined drilled, saves a great deal 
with Magnetic Drill Post. of time and trouble in ad- 

justing the tool. 
For drills and other tools where the power required does 
not exceed 2 B.H.P. the flexible shaft forms a convenient 
and valuable means of connecting the tool cutter to the 
motor shaft. It enables a separate motor to be used, and 
allows the tube to be bent through any angle so that work 
can easily be done in places otherwise very difficult of access. 
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These shafts consist of a core containing several spirals of 
wire wound in layers running in opposite directions, which 
core revolves in a casing of square section steel wire, which 
serves as a bearing throughout its entire length. Phosphor 
bronze bearings and metal sleeves are provided at each end, 
and a universal coupling is usually used to connect the 
flexible shaft to the motor axle. 

A combination of such a shaft with a motor placed on a 
trolley which can easily be wheeled from place to place, and 



Fig. 68..— Electiie Drill for Direct Currenls, with Two Speeds. 

a drill fitted with a magnetic drill post, forms a tool the 
value of which can only be proved by experience. 

Both Messrs Kramos Ltd, and the Consolidated Pneu- 
matic Tool Co. Ltd. have specialised in the manufacture 
of these portable tools, and have produced designs which 
can thoroughly be depended on in actual work. For 
hand work the breast drills are made as light as possible, 
the former Company making one which will drill a yV'"- 
hole through a steel plate J- in. thick or a brass plate 
yV '1- thick when running at about 900 revolutions per 
minute, and taking about IJ amperes at 110 volts, or 
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about ^ H.P., while weighing complete only 14 lbs. The 
latter Company's smallest pattern weighs 13 lbs., the drill 
runs at 700 revolutions per minute, and takes up to a f-in, 
bit. It is capable of drilling steel ^ in- thick, requiring at 
full load about ^ H.P. 

In Fig, 68 we have a slightly heavier form of the Con- 
solidated Pneumatic Tool Co.'s pattern. It has under the 
motor a gear box which gives two drill speeds, namely, 
600 and iOO revolutions, and weighs 19 lbs. The overall 



Fig. 69. — Electric Hand Grinding Machine. 

length is only 15J in., and it can be wound for either 110 

or 220 volts direct current. 

When the hole to be drilled is larger than J in. diameter 
in iron or steel, it is necessary to have some form of drill 
post against which the feed screw of the tool may press. 
These are supplied in various forms, one of the most popular 
forms with the electric drill being the magnetic drill post 
already referred to. 

Till quite recently these portable tools were only suitable 
for use on direct current circuits, but they may now be 
obtained fitted with alternate current motors having the 
necessary starting torque. In the larger patterns of drills two 
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armatures are sometimes used, revolving in a field having one 
common field and gearing through a planetary gear system 
to the Cool. This method of construction is stated to allow 
the weight of the tool to be kept low, and one of these tools 
made by the Consolidated Pneumatic Tool Co., weighing 
complete only 52 lbs., is capable of drilling a 2-in. hole 
through steel plates approximately 2 in. thick, taking about 
SJ H.P. 

Drills, however, are only one form of these tools, air 
blowers form a very convenient portable tool, and the hand 
grinder, shown in Fig. 69, is rapidly proving itself invaluable 



Fig. 70.— Electric Torlable Giiiiding Tool for Internal Work. 

for finishing off castings, while Fig. 70 shows a grinder for 
use in internal work in cylinders and other places. 

These are only a few examples of what is being done with 
electric portable tools. They can be used wherever a suit- 
able electric supply is available, the only outlay being the 
cost of the particular tool. A length of flexible conductor 
with an adaptor terminal enables connection to be made for 
the smaller sizes with any convenient lampholder, and their 
use does away to a large extent with the necessity of moving 
heavy castings from one part of the shop to another during 
the process of finishing off. 
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CHAPTER XIII. 

MISCELLANEOUS APPLICATIONS OF 
ELECTRIC POWER. 

How Electric Ene^ is being used in the Arts— Electric Motors in 
Flour Mills — Bakehouses — Wood-wotking Shops and Saw Mills — 
Laundries — Cement Works— Paint Mills— Electric Hoists and 
Runways — Electric Travelling Cranes — Combined Travelling and 
Jib Crane— Calico Printing and Paper-Making Machines. 

The applications of electric power in other industries are 
so varied and in some cases so unexpected that Uttle can 
be done except give them a passing reference. In some 
instances the electric current is used as a motive power, 
and in others as the active agent in bringing about desirable 
changes. Amongst the, latter may be mentioned the pro- 
duction of ozone by means of the silent discharge of high 
tension electric currents between metallic plates, dry air 
being slowly drawn through the apparatus, the ozone being 
used as a valuable purifying agent. An apparatus of this 
character is used to impart a white tint to low-grade flours. 
This process, termed "ageing," is said to improve both the 
appearance and quality of the flour. 

A further apphcation of this high tension discharge is the 
production of nitrogenous products — for use in the manufec- 
ture of artificial manures — from the atmosphere. In view of 
the possible exhaustion of sources of natural manures, this 
method of producing them by other means may some day 
assume great importance. 

The action of the electric current in decomposing solu- 
tions and mixtures of metallic sails when passed through 
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them is well known, and the industries which have been 
created by making use of this property are rapidly becoming 
of great importance. Amongst these may be mentioned 
electro-plating, electro-galvanising, the manufacture of elec- 
trolytic copper, the manufacture of aluminium, calcium 
carbide, alkaline salts, and more recently the application of 
electric furnaces in steel works. 

Confining our attention, however, to the older industries 
it may be noted that the miller has a laige amount of 
machinery which it is possible to drive by means of electric 
motors. One of the largest flour mills in the country, 
namely that at Dunston-on-Tyne, belonging to the Co- 
operative Wholesale Society Ltd., has discarded an up-to-date 
steam plant, and installed over 1,500 B.H.P. in electric 
motors- The whole of the machinery, including the many 
conveyor belts which carry the wheat to the various cleaning 
and drying rooms, are driven electrically, electric lighting 
being used as a matter of course. The whole of the energy 
required is purchased from the County of Durham Electric 
Supply Co. Ltd., and the financial results are said to amply 
justify the abandonment of the steam plant. 

Electric motors are being extensively used in bakehouses. 
Here there are a number of small machines, such as mixers, 
kneaders, weighers, and dividers, which are usually best 
driven by small separate motors. They are only used inter- 
mittently, and it is better to place them just where they are 
wanted than attempt to economise in the first cost of motors 
by arranging them in groups and introducing shafting. The 
cost of working with energy at a reasonable rate, say one 
penny or three halfpence per unit, compares favourably 
either with hand labour or with gas engine driving, while 
the output as well as the reputation of the bakehouse is 
perceptibly increased. 

Great use has been made of electric driving in wood- 
working shops and saw mills. Messrs A. Ransome & Co. 
have done much to popularise this method of working. An 
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interesting application of the adaptability of the electric 
motor is found in the Ransome & Lavo band saw used for 
cutting up timber logs. The driving motor is built round 
the driving pulley of the saw, and so dispenses with all 
belting and shafting. The motor is slow speed, and has 
to be capable of developing up to 50 B.H.P., but its use 
not only reduces the floor space occupied by the machine 
by practically one-half, but at the same time increases the 
speed of working, and by the steady nature of the cuts 
allows a larger number of planks to be cut from a given 
log. 

Circular saws, band saws, tenoning, morticing, and boring 
machines, are favourable subjects for separate driving, 
while planers and moulders are often arranged for group 
driving. 

The following figures which appeared in the paper, Timber 
and Wood Working Machinery, show what can be done by 
adopting electric driving. 

Taking eight different works, each driven by a steam 
engine, the following were the average amounts of power 
required and used : — 



length of shafting - 


458 ft. 


Number of pulleys - 


138 


Length of belting in use - 


2,446 ft. 


I.H.P. with plant loaded - 


46-2 I.H.P. 


I. H. P. running light - 


16-6 I.H.P. 


I.H.P. absorbed in shafting 


29-6 I.H.P. 


Percentage ofl-H.P. absorbed in shaft 




ing to I.H.P. developed 


56-08 per cent 



These show that in ordinary working there is a wide 
margin of power which may be saved. That the above are 
averi^e conditions is shown by the following figures given 
by the owners of a wood-working factory in the north of 
London. 

Before conversion, the works were driven by a steam 
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engine, and contained thirteen machines, the cost of driving 
for a normal quarter being : — 

Coal (in addition to wood waste) - j£M 

Water and stores 5 10 

■ Repairs - 7 10 

Attendance 20 

Total - - £67 

The works when changed over to electric working were 
arranged as follows : — 

Size, Motor. 
B.H.P. 
Two single spindle moulding machines, speed 

5,000 revolutions per minute - • 3 
One Smith's morticing machine - - - 3 
One emery grinding machine - . . 2 
One tenoning machine, 8 by 6 in. cutter 

heads, single scribing block- - - 5 
One single spindle - - ... 2 
One 30-in, band sawidrivenbycountershaft-l ^ 
One boring machine/ ing from one motor J 
One combined surfacing thicknessing machine 5 
One surfacing machine 1 driven by counter-\ 
One 24-in. thicknessing J- shaft from one I 5 

machine J motor - -J 

One 36 in. circular saw bench - ■ -15 
One 12-in. rising and falling table grooving 

and cross-cutting saw bench ■ - 5 
One 30-in. pendulum cross-cut saw - • 5 
One 12-in. by 4-in. four cutler planing and 

moulding machine - . - - 20 
a total of fifteen machines, with motors aggregating 75 
B.H.P. The last two machines, requiring motors of 20 
B.H.P. and 5 B.H.P. respectively, were added after electric 
driving was adopted. 
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Cunent was purchased from the Hackney Borough Council 
at a fraction under one penny per unit, and the cost of 
current for a heavy quarter's work after the last two machines 
were at work was ----- ^25 5 4 

while the expenditure on stores and repairs 

did not exceed 10 



or a total of - - - - £28 . 



showing a saving of practically £iO, or per annum of 

£im. 

These figures do riot take account of interest and deprecia- 
tion charges on the capital cost of the conversion, which 
would amount to about ;^600, 10 per cent, on which would 
be ;£60 per year or ;£15 per quarter, still leaving' a gain of 
;^100 per year as the result of the change. 

Laundries, too, have been invaded by the electric motor, 
and nearly all the newer plants are electrically driven. It is 
surprising how many machines there are in a modem laundry 
many of which may easily be arranged in groups, and driven 
from a few motors, preferably placed outside the workrooms 
on account of the moist atmosphere. There is, however, a 
gain in speed of working in many cases if the ironing and 
pressing machines are driven separately, and speed control 
to suit the special class of work is arranged for. 

Cement works afford many opportunities for electric 
driving. In modern works its advantages are well recog- 
nised, and the electric power house is one of the most 
important departments of the works. The clay and chalk 
are roughly ground, and then passed to the mixing ponds 
where constant agitation is necessary. This is effected by 
the slow movements of wooden paddles which are geared 
to electric motors mounted on the frame over the ponds, 
and afford good examples of the hardiness and reliability of 
the modern motor. 

After thorough mixing, the semi-liquid mass is raised by 



DigiLizedbyGoOglc 



MISCELLANEOUS APPLICATIONS. 2/5 

electric pumps to a number of troughs passing over the 
entrance to the rotary kilns. These consist of long large 
steel cylinders lined with firebrick kept in constant slow 
rotation by electric motors gearing into a toothed wheel 
surrounding the cylinders. The kilns are placed in an 
inclined position, so that the mixed chalk and lime gradually 
falls from top to bottom. The lower end of the kiln is 
intensely hot, due to the combustion of a fine stream of 
coal dust — electrically ground — which is blown into the kiln 
and rapidly burns up. The mixture in falling is first dried, 
and then thoroughly calcined, falling at last in a red-hot 
mass into another rotating cylinder, in passing down which 
it is cooled. In some works the wagons which carry the 
"clinker," as the fused mass is termed, to the mill, are 
propelled and raised to the top of the mill electrically, and 
in nearly all cases the mills themselves which grind the 
cement into the exceedingly fine powder in which it is 
sold are driven by electric motors. The cask making 
department of the works affords further opportunities 
for electric driving which are often utilised to their full - 
extent. 

Paint mills, where the use of separate motors to the 
different grinding machines enables the rate of working to 
be varied to suit the different pigments, sweet manufactories, 
butler factories, cold storage works, and breweries are only a 
few of the many other industries where electric motors are 
being extensively adopted. Electrically driven blowers are 
superseding all other methods of working in smiths' shops 
and foundries, electrically driven exhaust fans are being 
used to keep workrooms free from dust, and to minimise 
danger to workers where dangerous processes are carried 
on ; in fact the electric motor bids fair to become the most 
widely used of all forms of obtaining power for small 
industrial purposes. 

One of its most important uses has not, however, been 
mentioned. This is the transport of material during manu- 
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facture from one part of the workshop to another. Much 
has been done in modem workshops by the better arrange- 
ment of tool positions and the use of portable tools to 
reduce the amount of movement of material necessary, but 
manufacturing costs would be much higher than they are 
to-day if the electric crane in its various forms were not 
available. 

In the introductory chapter reference was made to the 
economy which the use of an electric overhead travelling 
crane made possible, and of the convenience, easy control, 
and constant working at maximum rate which is associated 
with its everyday working. The large amount of unskilled 
labour which can be dispensed with when electric overhead 
travelling cranes are in use was also mentioned. The same 
may be said of the jib cranes, capstans, hoists, transporters, 
and electric locomotives which are being used more and 
more in works, docks, railway yards, and all lai^e industrial 
establishments. A book could easily be filled with descrip- 
tions of what has been accomplished in this direction, for in 
this field electric power has proved itself far superior to the 
older methods it displaced. 

In factories the necessity for easy transport of material 
from one place to another is not of such paramount im- 
portance, as the quantities of material handled at one time 
are usually small and may be carried by hand or wheeled 
in a trolley. In some directions, however, particularly 
in engineering workshops, overhead travelling cranes are 
used, while for other purposes there is a growing demand 
for electric hoists and runways. 

These latter consist of an electric hoist running on the 
under flange of an I steel girder which is carried along the 
route to be traversed by the goods. The hoist motor is 
mounted on a small carriage, receives energy from two 
conductors fixed above the girder, and is operated in small 
sines from the floor; in larger sizes a seat for a man is 
provided on the hoist from which the various movements are 



DigilizedbyGoOglc 



MISCELLANEOUS APPLICATIONS. 2/7 

controlled. Separate motors are usually fitted for the lifting 
and travelling motions. A runway of this type was recently 
installed at a large timber store in Leeds by the Morley 
Electrical Engineering Co. The hoist had a double spiral 
barrel to give a vertical lift, all the gearing was of cast steel 
with machine cut teeth, the driving wheels being fitted with 
ball bearings. The hoist was provided with an automatic 
mechanical brake actuated by the load in addition to the 
electro -magnetic brake on the motor operated by the 
handle of a controller of the type described on page 73 
(Chapter III.). Swivelling bogies were in this instance 
fitted to the carrier to enable the transporter to run round 
small radius curves. 

A 4 H.P. series wound direct current motor gives a 
hoisting speed of 30 ft. per minute with a full load of 1 
ton, or 50 ft. per minute with no load, and a 2 H.P. series 
wound motor a travelling speed of 250 ft. per minute at full 
load. 

In smaller sizes the travelling motor is sometimes dis- 
pensed with, the hoisting being done electrically, but the 
load being pulled along from the floor. These runways are 
in some respects a development of the telpherage system of 
transport developed by Professor Fleeming Jenkin nearly 
twenty years ago in which an electric travelling carri^e ran 
along a suspended wire rope. 

Electric travelling cranes are now common in all sizes 
from 1 ton upwards. They are rapidly superseding both 
the old steam crane, where a portable engine and boiler 
complete was mounted on the crane, and the flying rope 
and square shaft cranes, all of which were very inefficient. 
In these cranes there was a continuous loss of from 6 to 8 
H.P. per 100 ft. of shop length due to friction losses, and 
the crane could not be worked at light load any faster than 
the full load speed for which it was designed. 

In the electric crane, especially when separate motors are 
employed for the lifting, traversing and travelling movements, 
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any desired variation of speed can be obtained, and for 
lifting, two sets of gearing, one designed for heavy loads 
with comparatively slow movement and the other for 
light loads and correspondingly rapid movements, can be 
employed. 

As crane motors only work at full power for short periods 
at a time, they may be rated on a more liberal basis than 
motors needed for continuous working. This was referred 
to in Chapter IV., page 91. They are usually direct current 
series wound and used in connection with drum type con- 
trollers of the general type described in Chapter III., pages 
69 to 76. These are fitted with an electro-magnetic brake, 
but some makers prefer to supply in addition an electro- 
magnetic friction brake. In many cases where only alter- 
nating currents are available, induction type motors fitted 
with slip rings have been used with marked success. In 
these cases variable speeds are obtained by introducing 
resistances into the rotor circuits of the motors. 

It is, however, very probable that the single-phase com- 
mutator type motor will come into extensive use for crane 
work ; its high starting torque and easy speed control render 
it very suitable for this class of work. 

The tendency at the present time in crane design is to 
employ higher speeds of working, especially for the traversing 
and travelling movements, than in the past. This means 
slightly larger motors and increased first cost, but the gain 
in valuable time in everyday working is very great. 

The following table is interesting as showing what are 
the standard speeds for the various motions of three motor 
overhead cranes recommended by Messrs Vaughan & Son 
Ltd., who are well known as specialists in overhead crane 
construction : — 
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A recent design of revolving jib crane in which a revolving 
jib is suspended underneath an overhead traveller has many 
advantages where it is desired to be able to lift weights in 
any part of a shop. One recently made by Messrs Applebys 
Ltd. had a capacity of 2 tons, and was suspended under 
an electric traveller with a 25-ft. span. The control cage 
was fitted on a balancing extension of the jib arm. There 
were four motors, one of 3 B.H.P. for lifting, one 3 B.H.P. 
for slewing, one IJ K.H.P. for travelling, and one IJ B.H.P, 
for traversing. This crane enabled goods to be lifted not 
merely from any point directly underneath the centre bay, 
but from any part of the side bays covered by Ihe arm of 
the jib portion of the crane. 
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In calico printing and paper-making factories the question 
of adopting eleciric power does not depend entirely on com- 
parisons of cost. In industries of which these are typical, 
it is necessary to use large quantities of steam either in the 
various processes or to humidify the atmosphere. This 
steam must be generated, and the question to be faced is, 
whether it is better to generate it at low pressure, or to pro- 
duce it at high or medium pressure, use it in steam engines, 
and employ the exhaust steam in the factory for the various 
purposes required. There is a feeling amongst many mill- 
owners that under such conditions it is immaterial what is 
the efficiency of the steam engines — the more steam ihey use, 
the more exhaust steam is available in the factory. Hence 
there has been a tendency to use separate steam engines for 
special machines, and to treat as inevitable the heavy losses 
from radiation and heat leakage which followed as a natural 
result from the long lengths of partially unprotected steam 
and exhaust pipes. 

In cases like this, the electrical engineer should remember 
that steam-raising plant must be provided in any case, and 
the necessary attendance provided, and that if electric 
energy is to prove itself to be the best form of power, it 
must suit Ihe working conditions better than the steam 
drive, and so enable larger outputs of better quality to be 
obtained. There will be a distinct saving in the cost 
of fuel if the steam required for manufacturing operations is 
only generated at low pressure instead of all being raised to 
the engine pressure, and part of it being then reduced by a 
reducing valve. 

Even under these conditions the use of electric power 
has made rapid and substantial headway. A considerable 
number of the best firms have adopted electric driving to a 
greater or less extent, and have found the result satisfactory. 
If there is no public supply of electric energy available, and 
the current is generated on the premises, there will be a 
certain proportion of exhaust steam available for factory use. 
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but owing to the more efficient engine and conditions of 
working, this will be considerably ]ess than before. It will 
often be found best, if the ainount of low pressure steam 
required is considerable, to divide the steam-raising plant, 
and only raise to the engine pressure the amount needed for 
the engine. The saving which can be effected in this way 
depends, of course, upon the location of the factory and the 
cost per ton of coal. 

In calico bleaching and printing works it is in many cases 
best to arrange for separate driving, and if possible to obtain 
a supply of direct current, as this enables speed regulation 
within wide limits to be easily carried out. 

A preliminary process is to pass the material quickly quite 
close to a gas flame, after which it goes to a washing machine. 
Each of these motors may be shunt wound machines, prefer- 
ably controlled from a point near the singeing machine, so 
that the speeds of the two machines can be suited for the 
same length of material. 

To bleach the material it is next passed through a series 
of machines termed the liming, chemicking, and souring 
machines, and then through several washing and squeezing 
machines. Each of these machines is usually fitted with 
separate motors, with several definite running speeds, and 
fine adjustment near these standards to suit special require- 
ments and facilitate one machine taking the material un- 
touched from the previous process. The various drying 
machines afford another opportunity for the use of directly 
coupled motors, and in many works the fen used for 
exhausting the steam from the drying room is electrically 
driven. 

In the dyeing rooms there are a further number of 
machines, some of which need separate motors and long 
range control, while others are best driven in groups from 
a larger motor. In all these cases the motor should be of 
the entirely enclosed type, and placed as far out of the 
steamy atmosphere as possible. 
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In the printing house proper there are the stentering, 
calendering, printing, and drying machines to be considered, 
and for most of these separate control is desirable. 

In the calico printing machines it is necessary to arrange 
for very slow movements or " inching " in a similar manner 
for ordinary paper printing work, and the same methods of 
control, described on pages 241 to 246, Chapter XI., are 
made use of. 

It will therefore be seen that for this class of work the 
electric drive 4ias many advantages, and no surprise will be 
felt that many of the bleaching and calico printing works 
in Lancashire have either adopted or are considering this 
system of working. 

The main machines used in paper mills are usually of 
large size, and if converted to electric driving, nearly all are 
suitable for separate motors with their consequent indepen- 
dent control. The first process consists in " beating " or 
tearing the material used, whether wood, manilla, jute, or 
flax rags, to a pulp. These machines vary greatly in size ; 
they are usually direct coupled to motors and arranged for 
working at variable speeds. Considerable overload capacity 
must be allowed in the motors. 

Plentyofwaterisanecessity of paper mills, and for driving 
the centrifugals usually employed for circulating this water, 
direct coupled motors are very useful. 

The paper-making machines proper often require motors 
of 80 B.H.P. to 150 B.H.P., or even larger, and need speed 
control over very wide ranges. 

An ingenious method of securing this has been used by 
Messrs Siemens in one of their installations. The current 
for driving the mill is obtained from a turbo-dynamo con- 
sisting of two dynamos coupled in tandem, and directly 
connected to a steam turbine. Each dynamo gives about 
500 K.W. at 230 volts. It is therefore possible to use a 
three-wire system with 460 volts between the outers. 

The motors for the paper-making machines have two 
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armature windings and two commutators. The motors are 
fitted with " interpoles " to reduce sparking, as described on 
page 35, Chapter I., and have three normal speeds. 

The lowest is obtained by connecting the two armatures 
in series across the 230 volts between the middle wire and 
one of the outers ; the intermediate standard speed by con- 
necting the two armatures in series between the outer or 
460 volts ; and the highest standard speed by connecting 
the two armatures in parallel across the 460 volt outers. 
The motors will give 80 B.H.P. at the highest speed, and 
by means of shunt regulation may be controlled from about 
75 to 600 revolutions per minute, or tbrough a range of 
8 to 1. 

In other cases this control is obtained by using a separate 
dynamo for each of these special motors and controlling 
the motor speed by varying the resistance in the shunt 
circuit of the dynamo. 

There are also a number of drying and calendering 
machines, as well as paper-cutters and other small but 
important accessories. These may either be grouped or 
driven separately, the choice of the best method depending 
upon the particular conditions. 

For all this class of work the flexibility of the electric 
drive and the easy control of the speed of motors throughout 
a wide range are advantages which enable it not only to 
compete in cost, but to give largely increased outputs of 
finished work. 
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CHAPTER XIV. 

THE INSTALLATION OF ELECTRIC 
MOTORS. 

Need for Care in usii^ Eleclric Power— Home Office R^ulations— 
InslilutioD of Elecincal Ei^neers' Rules — How (o run Cables— 
Manubcluier's Respon^bililies wilh Purchased Energy — Notes on 
Works Generating Plants — Switchboard Arrangements — No Volt 
Release Swilehes— The Need for Qualified Attendatits. 

There is no system of power liistribution which does not 
require care to be taken In using it in order to prevent 
accidents. Electric power is no exception to this general 
rule, though if carefully installed and properly maintained, 
the risks of accident are very small. 

These risks are largely due to the fact that the senses of 
seeing and hearing are not affected by a leakage of electric 
current, and that an electric shock at a given pressure has 
different effects not only on different persons, but on the 
same person at various times. The electrical resistance of 
the human body varies with its condition within very wide 
limits, and an electrical pressure which may be harmless at 
one time may be fatal at another. The presence of perspira- 
tion on the skin rapidly reduces the electrical resistance of 
the body, and care should be taken when in that condition 
to avoid electrical shocks. 

The points to be aimed at, in installing electrical plant, 
are, first, the prevention of any leakage of electricity either 
when the motors are idle or at work, and second, the pro- 
vision of good earth connections so that, should any leakage 
occur, no point accessible to workpeople may become 
charged with electrical pressure. 
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The Factory and Workshop Act of 1901 empowered the 
Home Office to issue regulations controlling the conditions 
under which elecuic power might be used in factories and 
workshops, whenever it deemed such a course advisable. 

A draft set of Rules was issued in August 1907, and as 
a number of objections were raised to them ; an inquiry 
was held in the early part of 1908 at which these objections 
were fully discussed. As a result, the Rules have been 
modified, and in the future they will form the minimum 
standard of precautions which must be observed when 
installing electric power. 

There is much to be said for thus ensuring a standard 
of workmanship which will render electric power one of the 
safest of known power distributors. The conditions are in 
no case impossible, and only rarely unreasonable, and the 
majority of well-designed works installations already conform 
to them. 

As a public inquiry with its inevitable delay must precede 
any alteration in the wording of the Rules as now issued, 
it is probable they will influence standard practice for a long 
period, and so may be looked upon as permanent. 

They affect all installations using a higher electrical 
pressure than 130 volts direct current or 65 volts alternating 

The terms — 

Low pressure, as used in the Rules, mean circuits of not 
more than 250 volts pressure. 

Medium pressure, currents between 250 and 650 volts 
pressure. 

High pressure, voltages between 650 and 3,000 volts, and 

Extra high pressure, circuits of more than 3,000 volts 
pressure. 

At the same time, it should be remembered that the 
Home Office Rules are only concerned with the safety of 
the worker ; and while this is all- important, there are other 
considerations to be observed, if the best results are to be 
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obtained The. technical requirements of an electrical 
installation are well provided for, in the Rules which have 
been prepared and issued by the Institution of Electrical 
Engineers. These Rules have been accepted by the greater 
number of the fire insurance companies, and it is advisable 
that whenever an order is placed foi installing electric plant, 
it should be distinctly stated that the work must he carried 
out in accordance hoth with the Home Office Regulations 
and the Institution of Electrical Engineers' Rules. 

If this is done, it is needless to point out the importance 
of using well-ins ulaled copper cables, since this is insisted 
on as a primary necessity. The sizes to be used to carry 
different currents are also given, and the permissible 
pressure drop in long runs of cable defined. It is specified 
that the cables must be run either in steel conduits, well- 
seasoned wood casing, or on insulators fixed to the walls 
and ceilings in suitable situations. 1'he cases in which bare 
copper wires may be used inside buildings are also stated. 
For interior work, ruhher covered cables are generally 
employed, though paper insulated lead covered cables have 
much to recommend theui. If used they must, however, 
be efl'ectively sealed from dampness at each end. The 
rubber cables should be insulated with layers of pure and 
vulcanised rubber thoroughly compounded and protected 
with a covering of tape and braid. The insulation resist- 
ance taken after Iwcnty-four hours' immersion in water 
and one minute's electrification should not be less 
than 600 megohms per mile, and they should, if used 
for 200 volt circuits, be certified as having withstood a 
pressure test of less than 1,000 volts applied for thirty 
minutes. 

\Vhere possible, stee! conduit is the best protection for 
the cables. I'his is made in three qualities — open-seam 
tube, which is suitable for dry positions, brazed tube, which 
is best for ordinary work, and screwed tube, which should 
always be used in damp places. The importance of pre- 



DigiLizedbyGoOglc 



INSTALLATION OF ELECTRIC MOTOKS. 287 

venting moisture condensing in the insides of conduits 
cannot be over-rated. 

It pays to provide good quality cables and run them in 
suitable steel conduits, in the freedom from break-downs and 
anxiety which results. 

Where energy is purchased from an outside source, the 
supply authorities lay the service cables, and supply energy 
at the declared pressure through a meter and double pole 
fuse which they provide and fix on the premises, and then 
seal to prevent any one tampering with them. The consumer 
must provide the double pole switch, which enables him to 
switch off the current from the entire installation when 



necessary. 

In the case of large consumers, where the power required 
amounts to several hundred horse-power, the supply authori- 
ties generally provide a substation on the consumer's 
premises where the eneigy is transformed from the high 
pressure of transmission to the declared pressure of supply. 
Some hundreds of these works' substations exist in the 
Tyne and other manufacturing districts, and descriptions 
of the switchgear arrangements are very interesting. 
These substations are, however, under the control of the 
supply authorities, and they do not directly concern the 
manufacturer. 

If the energy is generated on the premises, the manu- 
facturer is, of course, responsible for the whole plant. As 
much free space as possible should be allowed round the 
generating units, and the cables from the dynamos to the 
switchboard should be carried undei^round in steel tubes. 
Neglect of this precaution has been in ihe past a frequent 
cause of break-down, and nothing looks more untidy and 
unbusiness-like than to see a number of cables lying about 
an engine-room floor saturated with oil and causing trouble 
to every one concerned. 

It is not possible here, to enter into the question of the 
design and arrangement of works generating plant. It is 
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sufficient to say that a small expenditure on glazed bricks, 
good floor tiles, paint, and whitewash is a good investment. 
Get the generating plant and its surroundings as clean and 
tidy as possible in the first place, and insist on its being 
kept in the same condition, and you have gone a long way 
towards keeping your costs of working a minimum. 

It pays, too, to keep the plant in good condition; any 
defect should be at once reported and put right. 

It is also good practice to see that a meter to register the 
whole output of the dynamos is fitted on the switchboard. 
Strict account should be kept of all purchases, and the 
cost of all labour should be recorded; and simple forms 
giving these details and the cost per unit generated should 
be prepared and given to the works manager each week. 
A report on the causes of all break-downs and accidents 
should also be insisted on. In this way a close check can 
be kept on the working of the plant, and any fault can be 
at once located and remedied. 

The svritchboard should be as simple as possible in its 
arrangements, but fitted with thoroughly reliable apparatus. 
A clear passage-way, not less than 3 ft. wide, should be left 
at the back with adequate means of access, and the board 
must be fenced off, and no one but authorised persons 
should be allowed to operate it. 

Care must be taken that all switches are quick break, and 
cannot be left in partial contact, and that all fuses are so 
guarded that there is no danger from oveiheating or from 
the scattering of hot metal when they come into operation. 

The board itself should be either of enamelled slate or 
marble, mounted on angle-iron framework. The old practice 
of surrounding the board with a massive ornamental wooden 
frame has fortunately fallen into disuse; it was a waste of 
money and a source of danger. 

At the switchboard, provision should be made for the 
measurement and control of the circuits from the generators, 
and also for the distribution of the energy either to the 
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various motors, or to distributing centres in other parts of 
the premises. In the majority of cases double pole switches 
should be fitted not only to every generator circuit, but to 
all the distribution circuits. Fuses are also necessary for the 
protection of the circuits from overload. In many cases it is 
possible to combine the switches and fuses by using switch 
fuses, where the fuse wire either passes through a porcelain 
handle with well-protected ends, or under the handle 
thoroughly shielded from risk of contact with the operator, 
,Such fuses i)ermit of easy and safe replacement. 

Each motor must be fitted with a double pole switch and 
fuse, or switch fuse in addition to the starting switch. These 
are usually enclosed in cast-iron boxes, and illustrations of 
several patterns are given in Chapter III. There was a 
great deal of discussion on the proposal made by the Home 
Office that automatic circuit breakers of the no volt release 
pattern should be fitted to all motors of larger output than 
J H.P. It was pointed out at the inquiry that in the 
experience of many engineers this was quite unnecessary. 
Such accessories can easily be fitted as part of the starters 
for direct current motors, but it is not so easy to arrange 
them to work in connection with induction type alternate 
current motors. Several patterns of this automatic circuit 
breaker for alternating currents are now obtainable at a 
moderate cost. It was shown that fully 95 per cent, of the 
alternate current motors al work in this country had no such 
protection, and that its strict enforcement might prove detri- 
mental to the industry. The Home Office at length agreed 
to modify their requirement, and they now ask that every 
motor or group of motors which is not under the supervision 
of an attendant constantly at the controller, shall be pro- 
tected by an automatic release which, in the event of a motor 
stopping, shall at once replace all starting resistances in 
circuit, and render it necessary to operate the starting 
switches. This is necessary to avoid danger to an attendant 
on a machine through the motor unexpectedly starting, if a 
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fuse were replaced in a distant pari of the circuit without 
the knowledge of the person on the machine. 

It is also required, that if a motor drives machinery in 
more than one room, that means for immedialely stopping 
it shall be provided in each room. This is best done in the 
case of a direct current motor by running a pair of leads 
from the terminals of the no voltage release coi! on the 
starter to the different rooms where they are connected to 
bell pushes, which, when pressed, closes the circuit and short 
circuits the no voltage coil. The motor is thus at once 
stopped, the starter switch arm returning to its off position. 

The Home Office insist that only authorised persons, or 
those acting under their immediate supervision, shall under- 
take work where technical knowledge or experience is 
necessary. This is a wise provision, and the choosing, and, 
if necessary, training, of an employee to look after, and be 
responsible for, the maintenance of the plant henceforth 
becomes a legal duty as well as a wise precaution. It is 
perhaps superfluous to point out that as such " authorised 
persons" have certain responsibilities, they should be re- 
munerated accordingly. The personal element is a very 
vital factor in keeping the repairs bill of an installation 
down lo the minimum point, and a satisfied attendant — 
proud of his plant and particular as to its working — is a 
distinct asset to a business undertaking. 

It must be borne in mind that with electrical as with 
other form? of power distribution, common-sense must be 
exercised if accidents are to be avoided. The annual 
reports both of the electrical inspector of factories and 
workshops to the Home Office, and of the engineers of the 
various insurance companies undertaking the maintenance 
of electrical machinery, show how many of the accidents 
which take place are due to entirely preventible causes ; 
in many cases, it seems as if it were the result of an entire 
absence of ordinary care. 
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THE LIGHTING OF INDUSTRIAL 
ESTABLISHMENTS. 

The Iniporlance of Good Lighting in Offices and Worltshops — Wliai 
is Light ?— Types of Electric Lamps— Carbon Filament Lamps- 
Metallic Filament Lamps— Nernsl Lamps — Open Type Arc Lamps 
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netite" Aic Lamp — Mercury Vapour Lamps — The "Moore" 
Vacuum Tube Lamp — Requirements of Commercial Oflieea — 
Drawing Offices — Textile Factories — Engineering Workshops — 
General Rules. 

The proper artificial illumination of industrial premises has 
a great deal to do with the profit-earning capacity of the 
undertaking. The length of time during which artificial 
illumination is required depends upon local conditions, such 
as the length and division of the working day, the character 
of the surroundings, and the prevalence of overtime, but it 
rarely averages out at less than 10 per cent, of the total 
working hours, while it often exceeds this proportion. 

The provision of ample lighting during the daytime is 
receiving more attention than in the past. It has been 
found that the cost of keeping an odd man to clean windows 
repays itself in the general improvement in the appearance 
and output of the shops, while the legal insistence upon 
periodical whitewashing, has not only brightened up the 
shops but encouraged better ventilation and improved 
sanitary conditions all round. The unhealthy close dens 
which used to serve as workshops are rapidly disappearing, 
and the modern factory leaves little to be desired from the 
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point of view of brightness, and in many cases of good 
ventilation. 

Attention to these points may appear superfluous, hut 
really, ihey are the very essence of Rnancial prosperity. The 
evidence of those up-to-date manufacturers who have dis- 
tinguished themselves by their attention to the conditions 
under which their work is carried on, goes to prove that the 
forethought and money thus expended has had a great deal 
to do with their personal success. 

It may therefore be said that it pays to consider care- 
fully the method and arrangement of the artificial lights 
used during the hours of semi-darkness. The degree of 
illumination to be aimed at, is that which just keeps the 
workers in their state of maximum efRciency. This means 
a reproduction as far as possible of the conditions of 
diffused daylight, the avoidance of areas of intense bright- 
ness and of as clearly defined shadows, and the provision 
of sufficient illumination to permit of the operators working 
without unduly trying their eyes. 

The problem as thus stated is no easy one, and in many 
cases considerations of expense prevent its being solved in 
its entirety. Much, however, may be done by a study of the 
particular conditions to be met, and attempts to provide 
sufficient but not too lavish illumination often meet with 
unexpected success. In the United States the science of 
successful illumination is rapidly becoming a profession, and 
the illuminating engineer is often called in to give expert 
advice in difficult cases. 

It often happens that the question is one of proper distri- 
bution rather than an extra amount of light. A number 
of powerful lamps may be used, but the general eff'ect may 
still be unsatisfactory ; there are parts of the floor painfully 
brilliant, and parts so imperfectly lit that careful work is 
impossible. The efforts of the works manner and the 
engineering staff should be directed towards obtaining even 
intensity of illumination over the whole of the floor area. 
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The best means to be adopted to secure this, differ in 
almost every case. So much depends upon the size of the 
shop, its genera) character, its height, whether it has a roof 
or a flat ceiling, whether there is much overhead shafting or 
an overhead travelling crane, and above all, on the class of 
work to be carried on. This latter point is all important, 
as it fixes the minimum standard admissible, for it will be 
at once appreciated that a light which is sufficient for a 
foundry may be quite unsuitable for an operator in a textile 
factory weaving delicate coloured silk fabrics. 

Light, it is well known, consists of waves or vibrations 
of an imperceptible medium pervading all space, which is 
generally termed the ether. These waves travel at the rate 
of 185,000 miles per second, but differ greatly in wave 
length and consequently in the number passing in a given 
time. The retina of the eye is affected by ether waves 
having wave lengths within certain limits, namely from 
thirty-three millionths of an inch long, which give the impres- 
sion of red light, to fourteen millionths of an inch long, which 
give the impression of violet light. The intermediate colours 
— orange, yellow, green, blue, and indigo — have definite 
intermediate wave lengths, and waves with a shorter length 
than the violet, though incapable of affecting the eye, have 
the valuable actinic or chemical properties which are so 
useful to the photographer. The mixture of all the above 
rays gives diffused daylight, their total absence is darkness. 
It is probable that the eyes of some animals have different 
ranges of susceptibility to ether waves than our own, and 
that this accounts for their peculiarities of vision. Other 
waves have been detected by their effects in different direc- 
tions, and recent discoveries in science have been largely 
concerned with investigations into the existence of ether 
waves which are outside the range of those capable either 
of affecting the eye or of causing chemical change. 

Artificial lights are nearly always deficient in some of 
these rays, and to that extent are inferior in their effects to 
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daylight. The usual commercial sources of artificial light 
produced electrically are : — 

A. The CarboD Glow Lamp.— The light is produced 
by the incandescence of a thin carbon thread enclosed in 
a glass bulb entirely exhausted of air. The lamp has for 
twenty years held a foremost place in electrical illumination, 
find many millions of them are in daily use. The light is 
richer in red than violet rays, and it is therefore imperfect 
as a colour matcher. Lamps can be used indiscriminately 
on direct or alternating current circuits, and are made for 
all pressures up to 250 volts. Their efficiency when new is 
about 4 watts per candle-power. The candle-power of the 
lamp deteriorates during use owing to the gradual blacken- 
ing of the bulb, and there is a point in the life of every 
long-lived lamp where it is cheaper to discard it and buy a 
new one than to pay for the extra electrical energy required 
per effective candle-power. 

It is possible to increase the efficiency of the lamp by 
raising the temperature at which the filament gives out its 
normal candle-power. This, however, reduces the life of 
the lamp, as the filament more rapidly disintegrates owing to 
the higher temperature, and also causes it to blacken more 
rapidly, and so decreases its effective illuminating power. 
The result is that the lamp has a shorter effective life, and 
experience proves that about 4 watts per candle is the most 
economical efficiency for this type of lamp. Many attempts 
have been made to popularise 3 and 3J watts per candle- 
power lamps, but they have all been comparative failures, 
largely owing to the reluctance of the consumer to discard 
lamps which still burn, though requiring a large amount of 
power per effective candle-power. It is not at all an unusual 
experience to find on testing an ordinary installation that 
the lamps are averaging much nearer 6 watts per candle- 
power than the normal 4. The carbon filament lamp is 
also very sensitive to voltage variations, and when overrun — 
even for short periods — blackening of the bulb is almost 
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sure to occur. Some years ago attempts were made with 
some success to popularise the use of high candle power 
lamps, and 100 candle-power and 200 candle-power lamps 
in large globes were employed for shops and small factories. 
The lamps proved in actual use so expensive in first cost, 
wasteful in energy, and unsatisfactory so far as regards 
useful life and illuminating power, that they are now prac- 
tically obsolete. 

B. The Metallic Filament Lamp.— These lamps 
have only recently been reintroduced in a commercial form, 
though the earliest incandescent lamps were all "metallic 
filament" lamps, being made of platinum wire which was 
discarded in favour of carbon on account of Its low melt- 
ing point. The discovery of means of isolating the rare 
metals tantalum, osmium, and tungsten have encouraged 
chemists to use them in making commercial metallic filament 
lamps, and at the present time there are a number of very 
efficient types on the market. Amongst the best known 
are the "Tantalum" and the " Osram " lamps. 

The "Tantalum" lamp is made of a drawn tantalum wire 
enclosed in an exhausted glass bulb. It was one of the 
earliest "wire" lamps, and is largely used on direct current 
circuits. The candle-power may be as low as 16 candle- 
power on a 100 volt circuit, though 22 candle-power is the 
usual standard. A great convenience of this pattern of 
lamp is the small size of the bulb, though large bulb lamps 
are made, and can be supplied when preferred. The lamp 
is now sold for use on circuits up to 160 volts, and 200 volt 
lamps have been made, and will soon, no doubt, be com- 
mercially available. The efficiency is from 1-8 to 2 watts 
per candle-power, and the price from 2s. to 2s. 6d. per lamp. 
The lamps are said to have an average useful life on direct 
current circuits of from eight hundred to one thousand 
hours, though under ordinary conditions the lamps will last 
on an average for considerably longer periods. Alternating 
currents, especially at low periodicities, have a curious action 
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on the tantalum filaiDents which causes them to rapidly 
deteiiotate while the etficiency is at the same time lowered. 

A great deal of attention has been given to this question 
b>' the makefs, and by imjHOvements in the method of 
manufacturing the filament and special arrai^ements for 
anchoring it, the)- are now able to obtain a life of about 
eight hundred hours. The efficienci- is, however, slightly 
lower than when the lamps are used on direct current 
circuits. The "tantalum " filament is stronger than other 
t)pes of "wire" filament lamps, and this lamp has been 
used successfully not only for street lighting, but for 
omnibus, tramcar, and underground train lighting, where 
there is a good deal of vibration to be overcome. 

I'he I'ungsten lamp b rapidly becoming the metallic fila- 
ment lamp. It is made by a number of fiims, and is sold 
under a variety of fancy names. There are several methods 
of making the filament, which result in the end in producing 
a fine thread of nearly pure tungsten. The filament is at 
best ver>' fragile, exceedingly fine, and is enclosed in an 
exhausted glass bulb. It can be heated to a sufficiently high 
temperature to ensure an cfliciency of about 1^ watts per 
British candle power. Till quite recently 130 volts was the 
highest voltage for which they were made, but now a number 
of 200 to 360 volt lamps are obtainable in sizes down to 
50 candle-power. These lamps burn with equal efficiency 
on direct and alternating current circuits. The "Osram" 
lamp, sold by the General Electric Co. ; the " Metfij," made 
by the Edison & Swan Co. ; the " Sunbeam," by the Sun- 
beam Co. ; the " B.T, H. Tungsten," by the British Thomson- 
Houston Co. ; the " Premier," by the Premier Electric Lamp 
Co., are only a few of the names by which tungsten lamps 
are designated. Other names are the "Metalik," the 
" Meta," the " Aegma," the " Oral," " Adnil," " Sirius- 
Efcsca," "J. S.," "Solium," and " Westinghouse." All 
have some small improvement in detail to urge, and 
competition is rapidly reducing the prices of the lamps to 
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reasonable commercial figures. The life of all these lamps 
is about one thousand hours, though individual lamps may 
bum for much longer periods. Till recently they were only 
suitable for use in vertical positions, but improved methods 
of anchoring the filaments permit of their burning in any 
position. 

Metallic filament lamps are less sensitive to voltage varia- 
tions than carbon lamps, and as the filaments are maintained 
at a higher temperature, the light contains a larger proportion 
of violet rays and to that extent is more like daylight. The 
introduction of these lamps with their high efficiency has 
made a great difference to the prospects of electric lighting, 
as they permit a better illumination to be given at a greatly 
reduced cost. 

Low voltage tungsten lamps are cheaper in first cost and 
stronger than the higher voltage type. It is also possible to 
safely run them at a slightly higher efficiency than the IJ 
watts per candle-power usual with 100 volt lamps. They can 
also be obtained as 25 volt lamps in the 10 candle-power size, 
as 50 volts as low as 16 candle-power, while in the 100 volt 
size 25 candle-power is the lowest candle-power, and the 
200 volt lamp has not yet been commercially made below 
50 candle-power. Where alternating currents are available, 
it is in many cases economical to use small transformers to 
reduce the voltage from the pressure of supply to 25 or 50 
volts, and use this low pressure current in conjunction with 
the efficient and comparatively cheap " Tungsten " lamps. 
In this way considerable savings may be made in energy, 
the monetary gain depending, of course, on the price charged 
per unit for electrical energy. If this can be got at prices 
lower than 2d. per unit, it does not pay to go to any large 
extra outlay for "economical" lamps, which are used for 
only short periods, but when 3d. and over is paid for elec- 
trical energy, the provision of reducing transformers and 
the use of " wire " tamps, is advisable. If possible, means 
should be providedLfiJf^vccGiti^tlie^u^iQQt off the reducing 
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transformer when the lights are not in use, else the no load 
losses of the transformer which are constantly going on will 
neutralise a considerable part of the saving in energy effected 
by the use of the " wire " lamps. 

C. The " Nerast " Lamp.— This lamp is specially suit- 
able for use on 180 to 250 volt direct or alternating current 
circuits. It was the electrical reply to the introduction of 
the Welsbach gas mantle, and though it is now being lai^ely 
superseded by the metallic filament or " wire" lamp, ii has 
several features which are of interest The light is obtained 
from a short incandescent rod made of a mixture of oxides 
of some of the rare metals. This rod does not conduct 
electricity when cold, but on being heated permits the 
flow of an electric current. It is therefore necessary to 
heat up the filament on starting by external means. This 
is ingeniously done by first passing the current through a 
fine wire coil surrounding the filament which heats up the 
filament by radiation to the point at which it becomes a 
conductor. As soon as the current passes through the 
filament, the fine wire circuit is electro -magnetically cut out 
of circuit. The filament contains similar materials to those 
used in making gas mantles and glows intensely when hot. 
The light is rich in violet rays, and to a large extent 
resembles daylight. The efficiency is about 2 watts per 
candle-power. It takes from a quarter lo three-quarters of 
a minute alter switching on the current to light the lamp, 
the time depending lo a large extent on the size of the con- 
taining globe, and this is olten an inconvenience. Owing 
to the small size of the filament it is advisable to use 
an opalescent globe. A complete lamp costs 6s. or 7s., 
and the cost of renewals with three thousand hours' burning 
comes out at about 15s. per annum per lamp. 

D. The Open Type Arc Lamp-— This is perhaps the 
best known type of electric lamp. In its ordinary form, the 
light is obtained from the electric discharge between two 
carbon points maintained a certain distance apart, after the 
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arc has once been started by direct contact. Many electro- 
magnetic and mechanical means have been devised to effect 
these results, and the forms now generally adopted are for 
the most part simple and effective, which is far more than 
could be" claimed for earlier designs. The length of the arc 
is usually about one-eighth of an inch, but it varies with the 
current, the size and quality of the carbons, and the con- 
ditions of use. 

In the open type of lamp the carbons are usually placed 
one over the other, and when arranged for direct current 
the positive carbon, which is the largest, is placed at the top 
so that the greater portion of the light may he reflected down- 
wards. Opeii type lamps require from 50 to 60 volts for 
satisfactory burning on direct currents, and from 35 to 40 
volts on alternating currents, and may be arranged in series 
groups on higher voltage circuits. The carbons need re- 
newing after about twelve hours' burning, but in some recent 
patterns several carbons are placed side by side so that the 
lamp burns without attention for far longer periods, A ten 
ampere direct current lamp gives about 800 effective candle- 
power so that its efficiency is about '75 watt per candle- 
power. 

E. The Enclosed Arc Lamp.— In this lamp an 
inner fairly close filling globe is provided so that the free 
entry of air is excluded. The arc soon burns up the oxygen 
present in the small globe, with the result that the pressure 
required to maintain the arc rises to about 80 volts, the arc 
lengthens, and the carbon burns away at a slower rale. The 
efficiency of the lamp falls to about 15 watts per effective 
candle-power, but the convenience of the smaller size and 
the less frequent carbon renewals have made it very popular. 
It can be arranged for direct or alternating currents for 
burning singly on 100 volt or two in series on 200 volt 

F. The "Flame" Arc Lamp.— In "flame" lamps both 
carbons are placed above the arc, usually inclined towards 
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each other so that they meet at the points. A porcelain 
cup called the economiser is placed over the points partly 
to protect the arc from draughts, and partly to reflect the 
light downwards. The carbons are impregnated with 
chemical salts so that the light may be tinged with several 
distinctive colours. Usually the salts used contain sodium 
so that the light is deep yellow. The arc produced under 
these conditions is very powerful, and the effect on ihe 
ground is far superior to any other form of arc lamp. 
Photometrical tests show that less than a third of a watt 
is required per effective candle-power, which makes it fully 
twice as efficient as an ordinary open type arc lamp, these 
lamps should not be used in confined rooms on account of 
the fumes given off by the carbons, but for general illuminat- 
ing work they are very valuable. 

G. The "Magnetite" Arc Lamp.— This tamp is 
favoured for many purposes in ihe United Slates, though it 
is not generally used in this country. In place of carbon 
the positive electrode is composed of a mixture of magnetic 
iron oxide, titanium oxide, and chromium oxide, the negative 
elecirode being copper. A usual size of lamp lakes 4 
amperes at SO volts pressure direct current, and the lighting 
effect is said to be equal to that given by an open type arc 
lamp taking 10 amperes at 50 volts, or about 50 per cent, 
more energy. 

H. The Mercury Vapour Lamp.— This can only 
be used on direct current circuits. A 350 candle-power 
size lamp consists of a glass tube about 32 in. long 
exhausted of air and containing a tittle mercury. On 
starting the lamp the tube is tilted a liitle so that the 
mercury runs from one end to the other and makes contact 
between the two electrodes. The current immediately fills 
the tube with mercury vapour, and on the mercury returning 
to its original position, the current passes through the vapour 
filling the tube with an intense white glow. This light is 
exceptionally poor in red waves and rich in violet and 
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actinic or chemically active waves. The effect of this light 
is to make red objects assume a purple hue tending towards 
black, and though blue, green, or violet objects appear more 
natural, they are still distorted to some extent. The light 
cannot, therefore, be used for colour matching, and in 
general its effect on complexions is objectionable, the more 
healthy looking the complexion, the more ghastly the general 
effect. 

The light is, however, very restful to the eye, and those who 
have used it long enough to accustom themselves to it are 
generally in favour of it. In some types of lamp, the absence 
of red rays are compensated for, and corrected by, combining 
two or three carbon filament lamps under the same shade. 
These are very rich in red rays, and so without giving up 
the whole of the gain in efficiency of the vapour lamp its 
objectionable features may be overcome. 

This lamp is made in two forms, the " Bastian " pattern, 
the rights of which have recently been acquired by the 
Brush Electrical Engineering Co. Ltd., and the "Cooper 
Hewitt" pattern, which is supplied by the British 
Westinghouse Electric and Manufacturing Co. Ltd- The 
latter lamp is made in two sizes, of 350 and 700 candle- 
power respectively. The smaller size burns singly on a 60 
to 80 volt circuit, or two in series on a 100 to 150 volt one, 
and the latter size singly on a 100 to 150 volt, and two in 
series on a 200 to 250 volt circuit. ■ It is difficult to deter- 
mine the candle-power of a light of this character, but one 
350 candle-power lamp requiring 3'5 amperes at 60 to 80 
volts, or, say, 250 watts, will satisfactorily illuminate, when 
placed about 12 ft. high, about 400 sq. ft. of floor surface. 

/. The " Moore" Lamp. — This is an alternate current 
lamp which is not yet in commercial use in this country, 
though a sample lamp was for some time used in the 
Savoy Hotel courtyard, Strand, London. It makes use of 
the well-known discharge of high tension electric currents 
through rarefied gases. The lamp has been developed in 
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the United States by Mr D. Mac^lane Moore, and has in 
it tbe promise of exl^ided usefulness. A glass tube about 
If in. d'i^m''t4T is taken in lengths of about 6 or 8 ft. and 
placed over the place to be lit, tbe glass tubes being bent and 
jointed together as required- The tubes are suspended a 
short distance from tbe ceiling and walls. The total length 
of tube thus used for a single lamp should not exceed 220 ft. 
The closed ends are fitted with carbon electrodes, carried 
on platinum wires secured to the glass ends, and connected 
to the high tendon terminals of a transformer, the low 
tension windings of which are connected to any suitable 
alternating current supply mains. This transformer is 
wound to give the required pressure, which, with a long 
tube, may be 10,000 or 1-2,000 volts. Great care must 
therefore be taken to protect the ends of the tube and 
connections. The tube is first filled with nitn^en gas by 
passing air through it which has passed over pieces of 
phosphorus so as to extract the oxygen. It is then 
exhausted to the required degree, and current is switched 
on, when an electric discbarge takes place through the tube, 
which becomes 6lled with luminous particles emitting a 
tight which is remarkably like daylight in its illuminating 
effect. While restful to the eye the light has about five 
times the illuminating power of the carbon filament lamp. 

A number of ineasurements of the light given off by the 
tube in the Savoy courtyard were made by Prof. Fleming, 
who found that to obtain equal illuminating effect at ground 
level it would require at least one hundred 16 candle-power 
lamps placed at the same height. The tube lamp required 
3 kilowatts to cover all losses, the 16 candle-power lamps 
would need about 7 kilowatts ; this roughly expresses their 
relative efficiencies. One of the special features of the 
Moore lamp is the ingenious valve which, as required, 
admits small quantities of nitrt^en to replace that used up 
in the tube; this has gone far to make it a practical 
success. 
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In the United States the lamp is used with great success 
in drapery stores, silk dyeing works, for picture gallery 
illumination, and other purposes for which a pure white 
light is specially necessary. 

General Remarks. — Having thus summarised the 
different sources of light at our disposal, it is possible to 
indicate a few ways in which they have been utilised for 
industrial purposes. 

It should be remembered that many supply authorities 
are willing to allow their power customers to use electric 
energy purchased at power rates for lighting purposes, so 
long as the amount thus used does not exceed 30 per cent. 
of the total supply purchased for light and power. This is 
often a very valuable concession, as it permits of the whole 
of the lighting to be done with cheap electric energy. Even 
in cases where the energy used for power purposes is not 
four times that required for hghting, it will often pay a con- 
sumer to divide up his lighting load and place part of it on 
the power mains, paying for this portion at the cheap power 
rates. There are some supply authorities, however, who 
will not allow this, and insist on all units used for lighting 
being paid for at the higher lighting rates. 

In commercial offices it is usually found sufficient to use 
adjustable pendants placed in rows over the various desks. 
To get the best effects the light should shine as far as 
possible over the left shoulder upon the papers or books, 
the lamps being kept out of the direct line of vision. Opal 
reflectors are almost universally employed, and now that 
metallic filament lamps, with their higher candle-power, are 
coming into use, it is a good plan to frost the lower part of 
the lamp, and use more of the reflected light from the under 
surface of the shade. Table lamps, shaded so that only the 
surface of the table is illuminated, are very convenient, and 
quite easy to arrange. In a few large offices in the United 
States the mercury vapour lamp has been used with marked 
success. 
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In drawing offices, where a really good light is absolutely 
necessary, the inverted arc has met with a great deal of 
favour. In this form of lamp, the arc is formed over a 
large reflector which directs the light to the ceiling, from 
which and the walls it is diffused about the room without 
the workers seeing the source of light at all. This method 
of lighting is very pleasing but it is uneconomical. From 
experimenls made in the United States, it has been found 
that the light sacrificed to secure the same intensity as with 
direct lighting varies from 60 to 80 per cent, of the total. 

Recently a number of drawing offices have been fitted 
with mercury vapour lamps. The result has been a more 
effective working light at about the same expenditure of 
electric energy as with the inverted arc lamp. The colour 
distorting effects of the light are soon forgotten in its more 
restful nature and the smaller amount of eye fatigue 
accompanying close application to fine line work. 

In textile factories the use of electric incandescent lamps 
is very general, the current usually being generated from 
a dynamo driven from the main shafting. In spinning and 
weaving rooms the lamps should be placed in rows between 
the machines not higher than i ft. or 4 ft. 6 in. from the 
ground, as ihe light is required on the parts of the machine 
opposite the operator. In other rooms the cheaper arc 
lamp may be employed, the flame type being preferable 
on account of the softer and more intense light. 

Several mills have lately tried using inverted arc lamps 
and diffused lighting with satisfactory results. The colour 
of the light, if white light carbons are used in the lamps, 
is good, and colour matching can be carried on quite easily. 
The lamps are sometimes placed on standards erected on 
the floor and at other times hung from the ceiling. To 
ensure good results, the rooms must be high enough to allow 
the lamp to be placed out of the line of view and yet a 
sufficient distance from the ceiling for the rays to be dispersed 
enough to give even illumination. 



DigiLizedbyGoOglc 



LIGHTING INDUSTRIAL ESTABLISHMENTS. 30S 

In engineering shops a usual plan is to place several 
arc lamps above the crane for general illumination, and 
use portable hand lamps on the different tools. This seems 
rather wasteful, but in practice is found to be satisfactory. 
It is necessary that the general illumination should be good, 
while the worker needs at his tool an adjustable light which 
can best be obtained from an independent lamp. 

The same general rules apply to other workshops. Where 
there are flat ceilings, the rooms being fairly lofty, the 
inverted arc gives very good results. Open arcs are, as 
a rule, too brilliant to be used for any but large shops 
where the lamps can be placed in the roof space. The 
mercury vapour lamp is good for damp atmospheres such 
as breweries, mineral water manufactories, parts of textile 
mills, if direct currents are available, on account of the 
penetrating nature of the light, while photographers place 
special value on its actinic properties. The Moore lamp, 
when simplified, will probably find wide application, while 
the Nernst, the carbon filament, and metallic filament 
lamp each have their place in the economical lighting of 
industrial premises. 

The cost at which electrical energy can be obtained is 
also an important factor in determining the type of lamp to 
be employed, and the method in which it should be used. 
There is little doubt that in the near future the tendency 
will be to make greater use of reflected light, despite its great 
inefliciency. In the United States many lighting fittings are 
sold consisting of a suspended inverted reflector, in the centre 
of which the lamp is placed. For ordinary rooms this is 
effective, and the same principle has been adopted in recent 
successful work in this country. Quite recently fittings have 
been introduced consisting of an upper reflector of large 
diameter, and a lower one suitably shaped, in the focus of 
which the lamp is placed. It is thus out of the direct Hne 
of sight, and though a considerable portion of the light may 
be lost in the double reflection, the general effect is good — 



DigiLizedbyGoOglc 



306 ELECTRICITY IN FACTORIES. 

cheap energy and efficient lamps of the metallic filament 
type, greater latitude in the choice of the system of lighting 
to be used- Electric radiators may ofien be used in private 
offices or small rooms, and with electric energy obtainable 
at power rates, they have much to recommend them on 
account of their cheerful appearance and great convenience. 
The number of lamps required for effective lighting 
varies so much with the height and general character of 
the rooms, that it is not possible to lay down any very 
exact rules. Each case should be studied on its merits 
and treated accordingly. 
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